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Organic thin films, process for the production thereof and equipment therefor 



(57) An organic thin film manufacturing method is 
characterized by including: the film forming step of 
bringing molecules having a functional group showing 
reactivity to a functional group having active hydrogen 
into contact with a base material to be bonded onto the 
base material, thereby to form a film composed of mol- 
ecules; and removing step of removing the molecules 
which are not bonded to the base material using a clean- 
ing agent containing at least one selected from a group 
of ketone, alkylene glycol and alkoxy alcohol. As a re- 
sult, an organic thin film manufacturing process, by 
which an organic thin film with uniform thickness can be 
formed without using a chlorine-based organic solvent 
so that a load to environment, is reduced can be provid- 
ed. Therefore, the industrial significance of the present 
invention is great. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an organic thin film to be formed on a surface of a base material such as 
glass or ceramics., a manufacturing method thereof and a manufacturing apparatus thereof. Moreover, the invention 
relates to a liquid crystal alignment film having an alignment function for liquid crystal, a manufacturing method thereof 
a manufacturing apparatus thereof, a liquid crystal display device having the liquid crystal alignment film and a man- 
ufacturing method thereof. 

BACKGROUND ART 

[0002] As a method of manufacturing an organic thin film, for example, a method of chemically adsorbing a chlorosi- 
lane series surface-active agent on a surface of a base material has been conventionally known. Details of this method 
are disclosed in, for example, Japanese Unexamined Patent Application Publication No. 3-7913 (1991), Japanese 
Unexamined Patent Application Publication No. 3-230156 (1991), Japanese Unexamined Patent Application Publica- 
tion No. 4-330925 (1992), Japanese Patents No. 2, 028, 662, No. 2, 598, 867 and No. 2,638,446. 
[0003] In the methods disclosed in the above publications, after film forming molecules are adsorbed and fixed onto 
a surface of a base malerial, a cleaning step of removing non-adsorbed molecules is execuled, but the cleaning in this 
cleaning step is executed to a proper degree so that a monomolecular film which is a super-thin film can be formed. 
[0004] In such cleaning, chloroform has been conventionally used as a cleaning agent at the cleaning steps disclosed 
in the above publications. This is because chloroform has the following two remarkable features. Namely:1 . a dissolving 
power for organic compound is large; and 2. since a boiling point is low, i.e., 61 °C, chloroform can be easily removed 
by evaporation. 

[0005] However, it is known that the chloroform is highly toxic. Moreover, it is also known that the chloroform is a 
cause of breaking the ozone layer, and this substance put too much load on the environment. 
[0006] On the other hand, for example, Japanese Unexamined Patent Application Publication Nos. 6-45142 (1994), 
6-187692 (1994), 6-312477 (1994) and the like disclose ether, lactone, ester, nitril, amide and the like as a substitute 
cleaning agent for chloroform. However, these cleaning agents are open to question in a cleaning power. Actually these 
substitute cleaning agents are not used, and they are not excellent. 

[0007] . Accordingly, it is desired that a process for manufacturing an organic thin film using a substitute cleaning 
agent having the cleaning power equivalent to that of a chlorine-based solvent without a load onto the environment is 
established. 

DISCLOSURE OF THE INVENTION 

[0008] A group of the present invention has been devised in order to solve the above problems in the prior arts, and 
its first object is to provide a method of manufacturing an organic thin film including a removing step using a cleaning 
agent other than a chlorine-based solvent, an organic thin film which is deposited by this method, and a manufacturing 
method to be used in this method. 

[0009] Further, a group of the present invention has been devised in order to solve the problems in the prior arts, 
and its second object is to provide a method of manufacturing a liquid crystal alignment film including a removing step 
using a cleaning agent other than a chlorine-based solvent, a liquid crystal alignment film which is deposited by this 
method, and a manufacturing apparatus to be used in this method. 

[0010] Further, its third object is to provide a liquid crystal display device having the liquid crystal alignment film : and 
a manufacturing method thereof. 

[Organic Thin Film, Manufacturing Method Thereof and Manufacturing Apparatus Thereof] 

[001 1 ] The inventors of the present invention have devoted themselves to examine an organic thin film manufacturing 
method. As a result, when an organic thin film, which is structured by coupling molecules to a surface of a base material, 
is cleaned or the like by a cleaning agent containing ketone, alkylene glycol or alkoxy alcohol, the molecules which 
are not coupled to the base material can be removed. Therefore, the inventors found out that this case provides the 
effect similar to that in the case where cleaning is executed by using a cleaning agent of a chlorine-based solvent, and 
completed the present invention. 
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(1) Organic thin film 

Eh ,l n a °h der 10 , ,he \ b ° Ve Pr ° b,emS ^ an ° rganic ,hin ,ilm of ,he P fesent inven "°n composed ol molecules 
bonded to a base ma anal, .s characterized in that the organic thin film is obtained so that after mo.ecut ZZ a 

unconalgroupshowmgreact.vitytoafunctionalgrouphavingac.ivehydrogenisbrough.in.oconM 
to a surface of the base material, the molecules which are not bonded to the base material are removed J a cleaning 
agent which contams a. least one selected from a group of ketone, a.kylene glycol and alkoxy aTohoT 9 

of the base material m a state that one end of the thin film is bonded to the surface of the base material anc Mhe oth« 
endisprojectedtoadirectionseparatingfrom the surface ofthe base material. The organic thin fTS^ 
amove llZ : 7 68 ^ b ° nded ,0 ' he ^ ma,eria ' (h6reinaf,er - occasional| y as ssstss^ 
the base material 9 a9en '' " ° b,ain ' ^ *" With ° Ut 3 S,ate ,hat ™ leculas « «£22d « 

[0014] In addition, the functional group showing reactivity to the functional group having active hydrogen can be one 
funchonal group selected from the functional groups represented by the following general toZZ • 0 ) 
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-AX , -AX2 and -AX3 - - • <1> 



(In the formulas, A shows one kind of atom selected from a group composed of silicon, germanium tin titanium and 
ZTZ* h * T f T i0nal 9r ° UP S6leC,ed ,r ° m hal °9 en ' 9rou P and isocyanate group.) 

material art 7 rt " '° ^ ^ ,he molecules are direct| V <™« * the surface of the base 

material, and includes a case where the molecules are fixed via another substance layer. 

(2) Organic Thin Film Manufacturing Method 

[0015] In order to solve the above problems, an organic thin film manufacturing method of the present invention is 

toafunct.onalgrouphavingact.vehydrogenintocontactwithabasematerialsoastobebondedont^ 

to TZl Tj°T Sed ° f T m ° leCUleS: * he rem ° Ving S,ep 0f removin 9 ,he mole -les wh^h are not bo dTd 
g .XndX;t,cohor n9 3 Cleanm9 a9en ' WhiCh C ° ntainS * 16381 ° ne S6,eC,ed fr ° m a Q -P °< ^tone. a.kylene 

genial fo^Ts oT* ^ ^ ' ,UnCti ° na ' *** ""^ ^ °* re ^ se ^ b * ,h * «"'°wing 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium tin titanium and 
rO017, ,U wLt r 0 T T "I' fUnC,i0na ' 9r ° UP Se ' eCted ,r ° m hal ° 9en ' * k0 *y 9™* and isocyanate gS 

Eo^r, : : es bav,ng one ,unctionai 9roup se,ected u °™ ^ rep^LeS l , he 

nfixed Z 68 7 "! " 0t bC : nded t0 b8Se ma,eria ' (UnfiX6d ™ ,ecules > remain on the surface of th. £! The 

Tuo of ,r, n T'^ rem ° Ved by USin9 ,he Cleanin9 agent Whfch contains at one sefected lrom a 
group of ketone, alkylene glycol and alkoxy alcohol. This is because the ketone or the like has excellent dissZno 

manTattu 'S °" °' ^ SUbS,fa,e S ° ^ 3n ° r9aniC *** ,i,m W ' th ^ ' hi <*ness can be 

[001 8] As the ketone, at least one kind of compound selected from a group of acetone methyl ethvl ketone diethvl 
ketone, methyl isobutyl ketone and acetylacetone can be used. ceione, metny. ethyl ketone, diethyl 
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[0019] The group of these compounds have excellent dissolving power with respect to molecules having one func- 
tional group selected from the functional groups represented by the above general formulas (1). Therefore, according 
to the above method using the group of compounds with excellent cleaning power, suitable ketone is selected as the 
need arises according to a type of the molecules and cleaning conditions so that an organic thin film with uniform 
s thickness where the unfixed molecules are removed can be formed. 

[0020] In addition, as the alkylene glycol, polyethylene glycol can be used. 

[0021] The polyethylene glycol has excellent dissolving power with respect to the compound having at least one 
functional group selected from the functional groups represented by the above general formulas (1). Therefore, ac- 
cording to the above method using polyethylene glycol with excellent cleaning power, unfixed molecules can be re- 
10 moved more easily so that an organic thin film from which the unfixed molecules are removed can be formed. 

[0022] Further, a molecular weight of the polyethylene glycol can be within a range of not less than 100 to not more 
than 300. 

[0023] As a result, since polyethylene glycol with low molecular weight is used as the component of the cleaning 
agent, a cleaning agent with small viscosity and excellent handing property can be obtained. 

15 [0024] Further, as the cleaning agent, one which does not include a chlorine-based solvent can be used. 

[0025] As mentioned above, when the cleaning agent, which contains at least one selected from a group of ketone, 
alkylene glycol and alkoxy alcohol and does not include a chlorine-based solved, is used at the removing step, a load 
to environment can be suppressed. Furthermore, since this cleaning agent displays the cleaning effect equivalent to 
that of a conventional cleaning agent composed of a chlorine-based solvent for an object to be cleaned, namely, unfixed 

20 molecules, an organic thin film with uniform thickness can be formed. Therefore, an organic thin film with uniform 
thickness can be formed without using a chlorine-based solvent, and an organic thin film manufacturing process in 
which a load to environment is suppressed can be provided. 

[0026] Further, after the removing step, the cleaning agent removing step of removing the cleaning agent adhering 
to the base material can be carried out. 
25 [0027] As a result, the cleaning agent remains on the formed organic thin film so that a bad influence can be prevented 
from being exerted on the quality of the film. Particularly in the case where a functional film having functions such as 
water-repellent effect and hydrophilic nature is used, when the cleaning agent removing step is carried out, various 
functional deteriorations can be prevented. 

[0028] The cleaning agent removing step may include the rinse step of rinsing off the cleaning agent adhering to the 
30 base material with water, and the drying step of drying the water adhering to the base material. 

[0029] This method can clean the cleaning agent adhering to the film formed on the surface of the base material with 
water so as to remove it. As a result, for example, in the case where the molecules have AX group, a condensation 
reaction takes place between the AX group remaining on the film and water, and hydroxyl group can be introduced 
into the molecules composing the film. Moreover, when the base material is dried at the drying step, water adhering 
35 to the base material can be removed. On the other hand, when the drying step is carried out, dehydration reaction is 
activated between the bonded molecules on the surface of the base substrate so that a crosslinked structure can be 
obtained. Therefore, an organic thin film having excellent abrasion resistance, resistance to scratch and the like can 
be manufactured. 

[0030] As the base material, a base material where a functional group having active hydrogen exists on its surface 
40 can be used. 

[0031] According to the above method, in the case where the molecules have a functional group represented by the 
above general formulas (1), HX molecules are eliminated so that condensation reaction can be caused. As a result, 
the molecules having a functional group represented by the general formulas (1 ) can be bonded to the surface of the 
base material. 

45 [0032] Further, the film forming step and the removing step can be carried out in dry atmosphere. 

[0033] When the film forming step is carried out in dry atmosphere, a monomolecular film if formed on the surface 
of the base material, and an accumulated film where a plurality of monomolecular film-like molecular layers are accu- 
mulated is formed on the monomolecular film. This is because the moisture in atmosphere reacts to the functional 
group represented by the above general formulas (1 ) and crosslinking is prevented. Since the removing step is carried 

so for the film formed in such a manner in dry atmosphere, the whole accumulated film or some molecular layers of the 
accumulated film can be removed easily. This is because since the removing step is carried out also in dry atmosphere, 
the condensation reaction due to elimination of HX molecules can be prevented from taking place between the func- 
tional group represented by the above general formulas (1) in the molecules forming the accumulated film and the 
moisture in atmosphere. Therefore, the molecules which are fixed to the surface of the base material or unfixed mol- 

55 ecules are can be prevented from crosslinking, and an organic thin film where a plurality of monomolecular films or 
monomolecular film-like molecular layers are accumulated can be formed. 

[0034] The molecules having one functional group selected from the functional groups represented by the above 
general formulas (1 ) are fixed to become monomolecular film like so that an organic thin film can be formed. 
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[0035] According to the above method, since a monomolecular tilm-shaped organic thin film can be formed a mol- 
ecule design of the molecules having the functional group represented by the above general formulas (1) is controlled 
so that a film thickness can be easily controlled at molecule level. As a result, a very thin organic thin film can be 
manufactured so as to have a desired thickness. 

(3) Organic Thin Film Manufacturing Apparatus 

[0036] In order to solve the above problems, an organic thin film manufacturing apparatus of the present invention 
is characterized by comprising: film forming means for bringing molecules having a functional group showing reactivity 
to a functional group having active hydrogen into contact with a base material so as to be bonded onto a surface of 
the base material and forming a film composed of the molecules; and removing means for removing the molecules 
wh.ch are not bonded onto the base material using a cleaning agent containing at least one selected from a group of 
ketone, alkylene glycol and alkoxy alcohol. 

[0037] The molecules have one functional group selected from the functional groups represented by the followina 
' 5 general formulas (1). " " 



I I 
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(In the equation. A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium and 
zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

[Liquid Crystal Alignment Film, Manufaturing Method Thereof and Manufacturing Apparatus Thereof] 
(1 ) Liquid crystal Alignment film 
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[0038] I n order to solve the above problems, a liquid crystal alignment film of the present invention, which is composed 
of molecules bonded onto a substrate and where liquid crystal molecules being aligned in a specified direction the is 
characterized in that the liquid crystal alignment film is obtained so that after molecules having a functional'group 
showing reactivity to a functional group having active hydrogen are brought into contact with a surface of the substrate 
to be bonded thereto, the molecules which are not bonded to the substrate are removed by a cleaning agent containing 
at least one selected from a group of ketone, alkylene glycol and alkoxy alcohol. 

[0039] The liquid crystal alignment film having the above structure is composed of molecules which are arranged 
along the surface of the base material in a state that one end of the thin film is bonded to the surface of the base 
material and the other end is projected to a direction separating from the surface of the base material Since this 
alignment film is a thin film which is cleaned by the above cleaning agent, unfixed molecules which are not bonded to 
the substrate are removed so that an uniform thickness can be obtained. 

[0040] In addition, conventionally, when the substrate to which molecules are fixed is cleaned by a cleaning agent 
(chlorine-based cleaning agent) composed of a chlorine-based solvent, a film structure is occasionally such that the 
molecules are fixed in a disordered state. On the contrary, since the liquid crystal alignment film having the above 
structure is not a thin film which is cleaned by the cleaning agent composed of a chlorine-based solvent, a film structure 
that molecules are fixed to the substrate in disordered state is prevented so that an organic thin film having an ordered 
film structure where the molecules are arranged uniformly can be provided. 

[0041] Here, in the case where the liquid crystal alignment film having the above structure is a monomolecular film 
liquid crystal molecules in its vicinity are inclined with respect to the substrate and/or restricted to an alignment direction' 
[0042] Therefore, as mentioned above, the ordered film structure that individual molecules are aligned uniformly has 
excellent alignment performance, and more concretely liquid crystal molecules can be aligned without disorderino the 
alignment state. 3 

[0043] Here, "on the substrate" is not limited to the case where the molecules are directly bonded to the surface of 
the substrate, and includes the case where the molecules are bonded via another substance layer such as an electrode 
[0044] In addition, the functional group showing reactivity a functional group having active hydrogen can be one 
functional group selected from the functional groups represented by the following general formulas (1) 



5 



EP 1 132 147 A2 



I I 
-AX , -AX2 and ~AX3 ••'<!> 

! 



(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium and 
zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

(2) Liquid crystal alignment film manufacturing method 

[0045J In order to solve the above problem, a liquid crystal alignment film manufacturing method of the present 
invention is characterized by comprising: film forming step of bringing molecules having a functional group showing 
reactivity to a functional group having active hydrogen into contact with a substrate to be bonded onto a surface of the 
substrate and forming a film composed of the molecules; and removing step of removing the molecules which are not 
bonded to the substrate using a cleaning agent containing at least one selected from a group of ketone, alkylene glycol 
and alkoxy alcohol. 

[0046] The molecules can have one functional group selected from the functional groups represented by the following 
formulas (1). 

I t 

-AX , -AX2 and -AX* -•■<!) 
! 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium and 
zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 
[0047] When the molecules having one functional group selected from the functional groups represented by the 
above general formulas (1) are fixed to the surface of the substrate so that the film is formed at the film forming step, 
unfixed molecules remains on the surface of the film. Since ketone or the like displays excellent dissolving power with 
respect tot he unfixed molecules, the unfixed molecules are cleaned by the above cleaning agent so as to be capable 
of being removed easily. Therefore, at least a liquid crystal alignment film composed of the molecules fixed onto the 
substrate can be formed on the surface of the substrate while a load to environment is being suppressed. Further, the 
liquid crystal alignment film formed in the above method has a uniform thickness and a film structure that the molecules 
are not disordered and are uniform. 

(3) Liquid crystal alignment film manufacturing method 

[0048] In order to solve the above problems, a liquid crystal alignment film manufacturing apparatus of the present 
invention is characterized by comprising: film forming means for bringing molecules having a functional group showing 
reactivity to a functional group having active hydrogen into contact with a substrate to be bonded to a surface of the 
substrate and forming a film composed of the groups of molecule; and removing means for removing the molecules 
which are not bonded to the substrate using a cleaning agent containing at least one selected from a group of ketone, 
alkylene glycol and alkoxy alcohol. 

[0049] The molecules can have one functional group selected from the functional groups represented by the following 
general formulas (1). (In the equation, A shows one kind of atom selected from a group 



-AX , -AX2 and -AX* " ' • (1) 
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composed of silicon, germanium, tin, titanium and zirconium. X shows one functional group selected from halogen, 
alkoxy group and isocyanate group.) 
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[Liquid Crystal Display Device and Manufacturing Method Thereof] 
(1) Liquid crystal display device 

[0050] In order to solve the above problems, a liquid crystal display device of the present invention having a liquid 
crystal alignment him, m which the liquid crystal alignment film is constituted so that liquid crystal molecules are aligned 

Zln^T!? in ,h P , red f e Tl d direC,i ° n - iS charac,erized in «hat: the liquid crystal alignment film is a thin film which 
.s constituted so that molecules having a functional group showing reactivity to a functional group having active hydro- 
gen are bonded onto the substrate, and after a group of the molecules are brought into contact with to be bonded to 
he substrate, the molecules which are not bonded to the substrate are removed by a cleaning agent containing at 
least one selected from a group of ketone, alkylene glycol and alkoxy alcohol 

[0051] Since the liquid crystal alignment film of the liquid crystal display device with the above structure is a thin film 
cleaned by the above cleaning agent, the molecules which are not bonded to the substrate are removed so that the 
thin film has a uniform thickness. Moreover, since the liquid crystal alignment film is not a thin film cleaned by a con- 
ventional cleaning agent composed of a chlorine-based solvent, it has the ordered film structure that the molecules 
are aligned uniformly. Therefore, liquid crystal molecules can be aligned without disorder of the alignment state. Namely 
due to the provision of the above-mentioned liquid crystal alignment film, alignment defect orthe like of the liquid crystal 
.s not visually recognized and display quality is excellent in the liquid crystal display device having the above structure. 

(2) Liquid crystal display apparatus manufacturing method 

[0052] In order to solve the above problems, a liquid crystal display device manufacturing method of the present 
mvention, where the liquid crystal display device has the liquid crystal alignment film which is constituted so that liquid 
crysta molecules are aligned on a substrate in a predetermined direction, is characterized by comprising: film forming 
step of bringing molecules having a functional group showing reactivity to a functional group having active hydrogen 
into contact with the substrate to be bonded onto a surface of the substrate and forming a film composed of the mol- 
ecules; and removing step of removing the molecules which are not bonded to the substrate using a cleaning agent 
containing at least one selected from a group of ketone, alkylene glycol and alkoxy alcohol 

[0053] According to the above method, a liquid crystal display device having a liquid crystal alignment film with 
uniform th.ckness and excellent alignment performance can be manufactured. Namely, when the above cleaning agent 
is used as a substitute cleaning agent of a chlorine-based cleaning agent, a liquid crystal display device with excellent 
display quality can be manufactured while a load to environment is being suppressed 

[0054] Another objects, features and advantages of the present invention will be sufficiently understood bv the fol- 

3* ^Z^^T^ adVan,a96S 0f ^ PreS6nt inVenti °" * 1,16 f °"°^ ^h 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] Fig. 1 is a flow chart showing an organic thin film manufacturing process according to an embodiment of the 
40 present invention. 

[0056] Fig. 2 is a flow chart for explaining a first cleaning agent removing method according to a cleaning agent 
removing step in the organic thin film manufacturing process. 9 9 

[0057] Fig. 3 is a flow chart for explaining a second cleaning agent removing method according to the cleaning agent 
removing step in the organic thin film manufacturing process. 

[0058] Fig. 4 is an enlarged diagram of a main section schematically showing a state that the organic thin film is 
adsorbed onto a base material. 

[0059] Figs. 5 are cross sections schematically showing a state that the organic thin film is adsorbed onto the base 
material: F.g. 5(a) .s a diagram showing a state that adsorbed molecules are adsorbed in a layer form- and Fig 5(b) 

mn C „'f 9 T Sh0Wi " 9 3 StatS that the adSOfbed molecules are ^sorbed onto the base material while being interlaced 
[0060] F.gs. 6 are enlarged diagrams of the main section schematically showing a state that the organic thin film is 
adsorbed onto the base material: Fig. 6(a) is a diagram showing a state that hydroxyl group is introduced into the 
adsorbed molecules; and Fig. 6(b) is a diagram showing a state that the adsorbed molecules crosslink 
[0061] F.gs. 7 are explanation diagrams schematically showing an organic thin film manufacturing apparatus accord- 
ing to the present invention: Fig. 7(a) shows a case where film forming means and film removing means are closed 
system; F,g. 7(b) shows a case where they are independent system; and Fig. 7(c) schematically shows cleaning agent 
removing means. y y 

[0062] Figs. 8 are perspective views schematically showing removing means according to the present invention- Fiq 
8(a) shows a case of a batch processing system; and Fig. 8(b) shows a case of a flow processing system. 
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[0063] Fig. 9 is a cross section showing a liquid crystal display device according to the present invention. 

[0064] Fig. 10 is an enlarged diagram of a main section schematically showing a monomolecular film according to 

an embodiment 1-1 of the present invention. 

[0065] Fig. 11 is a spectrum diagram of FT-IR of the monomolecular film according to the embodiment 1-1 . 
5 [0066] Fig. 12 is a spectrum diagram of FT-IR of a monomolecular film according to a comparative example 1 -1 . 
[0067] Fig. 13 is an enlarged diagram of a main section schematically showing a monomolecular film according to 
an embodiment 1-3 of the present invention. 

[0068] Fig. 14 is a spectrum diagram of FT-IR of the monomolecular film according to the embodiment 1-3. 
[0069] Fig. 15 is a spectrum diagram of FT-IR of the monomolecular film according to a comparative example 1 -2. 
io [0070] Fig. 16 is a spectrum diagram of FT-IR of the monomolecular film according to a comparative example 1 -4. 
[0071] Fig. 17 is a spectrum diagram of FT-IR of the monomolecular film according to a comparative example 1-5. 
[0072] Fig. 18 is an enlarged diagram of a main section schematically showing the monomolecular film according to 
an embodiment 2-1 of the present invention. 

[0073] Fig. 19 is a spectrum diagram of FT-IR of the monomolecular film according to the embodiment 2-1 . 
15 [0074] Fig. 20 is a spectrum diagram of FT-IR of the monomolecular film according to a comparative example 2-1 . 
[0075] Fig. 21 is an enlarged diagram of a main section schematically showing the monomolecular film according to 
an embodiment 2-2 of the present invention. 

[0076] Fig. 22 is a spectrum diagram of FT-IR of the monomolecular film according to the embodiment 2-2. 
[0077] Fig. 23 is a spectrum diagram of FT-IR of Lhe monomolecular film according to a comparative example 2-2. 
20 [0078] Fig. 24 is a spectrum diagram of FT-IR of the monomolecular film according to an embodiment 2-3 of the 
present invention. 

[0079] Fig. 25 is a spectrum diagram of FT-IR of the monomolecular film according to a comparative example 2-3. 
[0080] Fig. 26 is a spectrum diagram of FT-IR of the monomolecular film according to a comparative example 2-4. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0081 ] There will be explained below embodiments of the present invention with reference to Figs. 1 through 8. Here, 
portions which requires no explanation is omitted, and enlarged or reduced portions are shown in the drawings in order 
to simplify the explanation. This is applicable to the other drawings. 

30 [0082] An organic thin film manufacturing method according to the present invention is characterized by including: 
a film forming step of bringing molecules having a functional group showing reactivity to a functional group having 
active hydrogen into contact with a base material to be fixed onto a surface of the base material and forming a film 
composed of the molecules; and a removing step of removing the molecules which are not fixed to the base material 
using a cleaning agent including at least selected one kind of ketone, alkylene glycol and alkoxy alcohol. 

35 [0083] Here : the molecules can be molecules having one functional group selected from the functional groups rep- 
resented by the following general formulas (1). 



40 -AX , -AX2 and -AX3 --•<!> 

! 

(in the formulas, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium and 
45 zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

[0084] Further, examples of the halogen is F, CI, Br and t : but CI is preferable from a viewpoint of reactivity to the 
base material. 

[0085] The molecules having the functional group represented by the above general formulas (1 ) are composed by 
bonding the following functional groups to the functions group represented by the general formulas (1). 

50 

(a) hydrocarbon group such as methyl group, ethyl group, n-propyl group, n-butyl group, n-pentyl group, n-hexyl 
group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl group, n-undecyl group, n-dodecyl group, n-tridecyl 
group, n-tetradecyl group, n-pentadecyl group, n-hexadecyl group, n-heptadecyl group, n-octadecyl group, n-non- 
adecyl group, n-eicocyl group or phenyl group. 
55 (b) hydrocarbon group that a part of the hydrocarbon group includes carbon-carbon double bond or carbon-carbon 

triple bond. 

(c) functional group that hydrogen in the hydrocarbon group in (a) and (b) is substituted by another functional group 
(for example, methyl group, halogenated methyl group, hydroxyl group, cyano group, amino group, imino group, 
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carboxyl group, ester group, Ihiol group, aldehyde group or the like) and/or atom (for example. F CI Br I or the like) 
(d) functional group that a part of C-C bond in the hydrocarbon group in (a) and (b) is substituted by C-O-C (ethe ) 
bond, C-CO-C (carbonyl) bond or C = N bond. 

Here, in the present invention, the functional group which is bonded to the functional group represented by the general 
formulas (1) is not limited to the above-mentioned ones. general 
[0086] There will be detailed below an organic thin film manufacturing method according to the present invention 
w.th reference to Fig 1. At f.rst, an adsorption liquid that molecules having the functional group represented by the 
general formulas (1 ) (here.nafter, occasionally referred to as adsorption molecule or molecule) are dissolved in a non- 
aqueous organic solvent is prepared (chemisorp.ion solution preparing step, 81). It is preferable that this chemisorption 
solution ,s prepared in a drying atmosphere that a relative humidity is within a range of no. more than 35% for example 
in dry air, dry nitrogen or dry helium. wwmpie, 

[0087] Next when the chemisorption solution prepared at the chemisorption solution preparing step is brought into 
con act with a base material 1 degreased by previously cleaning it well (a film forming step, S2), the molecules having 
the functiona group represented by the general formulas (1) are chemically adsorbed and fixed onto a surface of the 
base material 1 (see Fig. 4). More specifically, condensation reaction takes place between the molecules having the 
unct,onal group represented by the general formulas (1) and a functional group having active hydrogen existing on 
the surface of the base material. For example, in the case where the adsorbed molecules are molecules having -AX, 
group and the functional group having active hydrogen is hydroxy! group, a reaction represented by the following 
chemical equation (2) takes place. y 



? x 

y , TT „ Base I I Base 

I HU material— > -A~OH materia] 



+HX • • • (2) 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium and 
l 0 ™" 1 ' X shows one functional group selected from halogen, alkoxy group and isocyanate group ) 
[0088] As a result of the condensation reaction, molecules, where HX is eliminated and which have the functional 
group represented by the general formulas (1), are adsorbed onto the surface of the base material 1 Here the de- 
greasing is executed in order to improve adherability of the chemisorption solution to the surface of the base material 
1 , and surface treatment may be conducted using a conventionally-known method 

[0089] Here, when the film forming step is carried out in an atmosphere of normal humidity (namely in the air) a 
thin film 3 shown ,n Fig. 5(a) is formed on the surface of the base material 1 . More specifically, adsorbed molecules 
which are adsorbed onto the surface of the base material 1 are bonded to non-adsorbed molecules which are not 
adsorbed onto the base material 1, and another non-adsorbed molecules are bonded to the above non-adsorbed 
molecules so that a chain is formed, and a polymer-like structure is formed. This chain bends so as to extend upward 
into , air) from the surface of the base material 1 and interlaces with another bent chain three-dimensionally so that the 
thin film 3 .s formed. The thin film 3 having such a film structure is formed because of the following reasons Namely 
the non-adsorbed molecules which are not adsorbed onto the surface of the base material 1 react to moisture in the 
atmosphere so that HX molecules are eliminated. As a result, OH group is introduced into the non-adsorbed molecules 
The OH group reacts or the like to the functional group (adsorbed portion) represented by the general formulas (1 ) in 
another non-adsorbed molecules so as to crosslink. Therefore, the thin film having the above structure is formed Here 
a thickness of the thin film shown in the drawing is such that three monomolecular films composed of adsorbed mol- 
ecules are laminated, and in this case, this film is referred to as three-molecular layer for the convenience. Meanwhile 
when the film forming step is carried out in a dry atmosphere (for example, relative humidity is not more than 35%)' 
as shown m Fig. 5(b), a monomolecular film 2 is formed on the surface of the base material 1, and non-adsorbed 
molecules 4 adhere to the surface of the monomolecular film 2 so that a thin film is formed. This is because the adsorbed 
portion rn the non-adsorbed molecules 4 does not react to moisture due to the dry atmosphere and adhere to base 
material in a state that it has Ihe functional group represented by the general formulas (1 ) 

[0090] The method of bringing the molecules having the functional group represented by the general formulas (1) 
into contact with the surface of the base material 1 is not particularly limited, and for example, a method of soaking the 



9 



EP 1 132 147 A2 



base material 1 in an chemisorption solution previously prepared, a method of applying the chemisorption solution to 
the base material 1 or the like can be used. 

[0091 J In addition, as the functional group having active hydrogen existing on the surface of the base material 1 , in 
addition to the hydroxyl group, for example, carboxyl group, sulfinic acid group, sulfonic acid group, phosphoric acid 

5 group, phosphorous acid group, thiol group, amino group and the like can be enumerated. Furthermore, a functional 
group that the active hydrogen of the above functional group is substituted by alkali metal or alkali earth metal may be 
used. Moreover, in the case where the functional group having active hydrogen does not exist on the surface of the 
base material 1 or few functional group exist, a compound oxidizing agent treatment such as an UV/ozone treatment, 
an oxygen plasma treatment or potassium permanganate solution is given. As a result, it is preferable that the surface 

10 of the base material 1 is reformed and the above functional group is introduced, or a number of the functional group 
is increased. 

[0092] Next., a removing step is carried out (S3) using a cleaning agent containing at least one kind selected from a 
group of ketone, alkylene glycol and alkoxy alcohol. A main object to be cleaned at this step is groups of non-adsorbed 
molecules of the molecules having a functional group represented by the general formulas (1) which is not fixed by 

15 chemical linkage and remains on the surface of the base material 1 . More specifically, in Fig. 5(a), the object to be 
cleaned is not the base material 1 but the non-adsorbed molecules which are bonded to adsorbed molecules as con- 
stitutional molecules in a network-like molecular layer 3 formed on the base material 1. Moreover, in Fig. 15(b), the 
object to be cleaned is an accumulated film 5 composed of the non-adsorbed molecules 4 adhering to the surface of 
the monomolecular film 2. The groups of non-adsorbed molecules are dissolved in the cleaning agent so as to be 

20 removed, and a monomolecular film-like organic thin film having uniform thickness can be formed. 

[0093] The ketone as cleaning component contained in the cleaning agent has excellent solubility with respect to 
the molecules having afunctional group represented by the general formulas (1). Examples of the ketone are acetone, 
methyl ethyl ketone, diethyl ketone, methyl isobutyl ketone and acetylacetone. 

[0094] In addition, examples of the alkylene glycol as cleaning component contained in the cleaning agent are eth- 
25 ylene glycol group, propylene glycol group and butylene glycol group. The ethylene glycol group is the most preferable 
of all. The ethylene glycol group has less stench and no color, and is characterized in that it easily blends with various 
organic solvents, water, surface-active agents and the like. Therefore, the ethylene glycol group is convenient to a 
design of the cleaning agents. More concretely, the ethylene glycol group, for example, ethylene glycol monoethyl 
ether, diethylene glycol monoethyl ether, diethylene glycol monoethyl ether acetate, ethylene glycol monoethyl ether 
30 acetate, ethylene glycol monomethyl ether, ethylene glycol monomethyl ether acetate, ethylene glycol mono-n-butyl 
ether ethylene glycol monophenyl ether and the like can be used preferably. 

[0095] Further, examples of the alkylene glycol may be polymers such as polyethylene glycol group, polypropylene 
glycol group, polybutylene glycol group. More specifically, as the polyethylene glycol group, for example, polyethylene 
glycol, polyethylene glycol monoethyl ether, polydiethylene glycol monoethyl ether, polydiethylene glycol monoethyl 
35 ether acetate, polyethylene glycol monoethyl ether acetate, polyethylene glycol monomethyl ether, polyethylene glycol 
monomethyl ether acetate, polyethylene glycol mono-n-butyl ether polyethylene glycol monophenyl ether and the like 
can be used suitable. 

[0096] In the case where the alkylene glycol is polymer, it is preferable its molecular weight is about not more than 
2,000, more preferably it is within a range of 1 00 to 300. In the case where the molecular weight is larger than 2,000, 

40 viscosity becomes too large so that its handling properly is deteriorated. Here, in the case where polymer whose 
molecular weight is about not less than 300, it is the most suitable for the cleaning agent that the polymer is dissolved 
in water, alcohol or the like and it is used as a solution. For example, in the case where polyethylene glycol is used as 
polymer and it is dissolved in water, it is preferable density of polyethylene glycol is about 10 to 50 wt%. Meanwhile, 
in the case where polyethylene glycol is dissolved in alcohol, it is preferable that the density is about 10 to 50 wt%. 

45 [0097] On the other hand, the alkoxy alcohol is not particularly limited, and concretely, its examples are methoxy 
alcohol and ethoxy ethanol. 

[0098] The cleaning agent of the present invention may be a nonaqueous cleaning agent in which one of ketone, 
alkylene glycol and alkoxy alcohol is used solely. The removing step may be carried out in a dry atmosphere (relative 
humidity: not more than 35%). For example, in the case where the film where the accumulated film 5 is formed on the 

so monomolecular film 2 shown in Fig. 5(a) is cleaned, due to the dry atmosphere, it is prevented that elimination reaction 
of HX molecule takes place between moisture in the atmosphere and the functional group represented by the general 
formulas (1) in the non-adsorbed molecules 4 and crosslinking occurs. Therefore, the accumulated film 5 can be re- 
moved by the detergent action of the cleaning agent so that a monomolecular film-like organic thin film can be formed. 
Moreover, in the case where the removing step is carried out in the dry atmosphere, a cleaning agent having low 

55 moisture content is preferably used. More concretely, when the moisture content is less than 1 .0%, there arises no 
practical problem, but about less than 0.1% is preferable, and about less than 0.01% is more preferable. When the 
moisture content exceeds the above numerical value range, since AX group in the non-adsorbed molecules and ad- 
sorbed molecules reacts to water contained in the cleaning agent so that a crosslinking structure is formed, a mono- 
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molecular film cannot be formed also in this case. 

[0099] Examples of the concrete cleaning method executed at the removing step are a method of silentlv soakino 
he base ma.ena. 1 in a cleaning tank filled with the cleaning agent as well as a method of app^ ng l a ^SSiSSZ 
to he base materia ! which is being soaked in the cleaning agent such as emitting a ultrasonic wave Thereto and a 
method o heating the cleaning agent in order to improve the c.eaning power of the'c.eaning agem He ^ ^ he case 
where a stress of the u..rason,c wave or the like is applied to the base materia. 1 , it is necessary that fhe stress does 
not exert a bad influence on the base material 1 . 

« ,h°J n J" additi0n ' the <f anin 9 condilions of ,he amoving step are not particularly limited, they may be set properlv 
as he need anses cons.denng (a degree of adhesion of the non-adsorbed molecules to the object to be cteaned)^ 
material of the object to be cleaned, form of the object to be cleaned and a bad influence 
Further, when concentration of the c.eaning agent, c.eaning time and a number of c.eaning fimes ; ar cteZeiTot 
only the monomolecular film-like organic thin film but also an organic thin film having a thickne™ equ vaten, Tthkt o 
two molecular layers can be formed. Namely, a film thickness can be controlled. That is, a re^ZZtVeToUul 

,Th %T r° 6CUleS iS COntr °" ed 50 ,ha ' ,he fi,m ,hickness is con,rolled - *" example abouTthres cJanina t ks 
fled with the ^cleanmg agent with predetermined concentration are provided, and c.eaning is 

S'Th S °, r Predetermined ,ime 80 that a ^ « the cleaning is improved. As e^^r^ST^ 
adsorbed molecu.es are removed, and a monomolecu.ar film-like organic thin m can be obtained On Z ohe hand 
n the case where about one cleaning tank is provided and the c.eaning is executed for shorter time thanl ^ prede 
term.ned time, namely, light c.eaning is executed, a lol of non-adsorbed molecules remain. When *e base maS 1 
is exposed to the air in such a state, the non-adsorbed molecules react to moisture in the 2 t be hxed andlo 

^iz? an,c thin film wi,h a ,hickness equiva,em to that ° f severai moie - iar ■*•» 

[01 01] Furthermore, in order to control the thickness of the organic thin film formed into a monomolecular film form 

SSn tT' rem ° Ving SteP ' 3 deanin9 agent removin 9 ste P of removin 9 a leaning agent may be carried 

clefni I i 9 a9ent rem<>Vin9 St6P iS main ' y diVidSd int ° 3 ,irSt Cleani "9 a 9 en ' remov^gmethod of rinsing a 
cleanmg agen using a nnse agent and a second cleaning agent removing method of drying a cleaning alnt to be 
evaporated. The first cleaning agent removing method can be adopted to the case whereThe UnZ =LT , 

method 0ne h °' T 3lk0Xy a,COh °'- °" the ° ther ^ 

method can be mainly adopted to the case where the cleaning agent contains ketone 9 
[0103] The first cleaning agent removing method is composed of the rinse step of rinsing the cleanina aaent usina 

LTcLTn 5) ', and rinSe dryin9 St6P ° f eVap0ra,ing the rinse « 10 remove MSB) (see Ffc 1) The 
f. st cteamn , agent removmg method is carried out preferably in the case where molecules where AX group remains 
an* adsorbed to the surface of the base materia. 1 , or in the case where a solvent having a comparative^ 
po nt ,s used as the cleanmg agent from the viewpoint of safety or the like. In the former case, the rin eTpi car ed 
out m order that rema.nmg cleaning agent is removed, and HX eliminating reaction is allowed to take place so that O^H 
9 F ,Z' S T T adSOrb6d m0 ' eCUleS (S6e Rg - 6(a »- Therefore Preferably ^^„^£? 

S?S If T K 96nt dryin9 S,CP <S6) iS CarriGd ° Ut ' d6h y dra,ion action takes place between OH groups o 

that an organic thin f.lm havtng a crosslinking structure shown in Fig. 6(b) can be formed. Meanwhile in "the Matter case 

o ?Z '! 1 I? P °' nt f° IVent (C ' eaning a9em) WhiCh 8dheres t0 an ob * ct 10 be ^aned is hardly did and evap 
1TJ t Tf ,e h mperatUre ' ,ts ma,n <*>«* * to substitute the high-boiling point solvent by a low-boil ng point rinse 
th 9 P r in ,° : n9 P °J nt a9ent t0 be USSd in ,hiS Case ' acetone . alcoho. or the like can be used HerT n 

^hTa^rr: ,he removin9 s,ep - the rinsing ^ can be ^ * - a ~r,o;c e 

[0104] In addition, the second cleaning agent removing method includes a cleaning agent drying step (S7) of evao- 
orating a cleanmg agen. to be evaporated (57), and a contact step of bringing the base mater af 1 1 into contactwim 
moisture (SB), and a drying step of d^ing the moisture (S9) (see Fig. 3). The second c.eaning agent .^S^Z 
is preferably executed in the case where a low-boiling point cleaning agent such as acetone and mZSTe one 
Tthe^^^ 

hi h 1 T f , d 00 ,hS SUrfaCe °' ,he the b8Se material 1 react wi,h ™tetu,e and introduce OH group imo 

ample, a ^method of leaving the base material 1 in air and allowing the base material 1 to react with moisture in the a^r 
or a method of allowing the base material 1 to directly react with water is adopted. Thereafter the ZTZ S9) is 

whl°r? a I^TT" ^ a r' her me ' h0d beSid6S ,hS a bove-mentioned cleaning agen. removing method in the case 
where a low-boihng pomt c.eaning agen, that AX group does not exist in the molecules adsorbed to the base material 
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1 and which is evaporated at norma! temperature is used, the cleaning agent may be simply dried after the removing 
step. 

[0106] Here : one kind of material selected from a group of glass., metal metal oxide : ceramics., plastic., timber, stone., 
fabric, paper, polymeric resin and the like can be applied to the base material 1. Moreover, the surface of the base 

5 material 1 is painted with coating compound. The base materials made of the above materials have similar physical 
properties in that a functional group having active hydrogen exists on their surfaces. In the case where plastic is par- 
ticularly used as the material of the base material 1 , it is considered that the property of the base material is changed 
depending on a type of plastic or the base material 1 is damaged due to dissolving or the like. Therefore, it is necessary 
to use a cleaning agent after previously ensuring that the cleaning agent does not have the above affects on the base 

10 material 1 made of plastic. 

[0107] There will be listed concrete examples of applications to which the present invention can be applied, but the 
present invention is not limited to them. 

(a) Examples of edge tools: kitchen knife, scissors, knife, cutter, chisel, razor, clipper, saw, plane, chisel, piercer, 
15 awl, cutting tools such as turning tools, blade of drill, blade of blender, blade of juicer, blade of mill, blade of lawn 

mower, punch, toll for cutting straw, staple of stapler, blade of can opener, surgical knife and the like. 

(b) Examples of needle: needle of acupuncture, sewing needle, needle of sewing machine, needle of futon, a 
needle of tatami mat, a needle of injection, surgical needle, safety pin, push pin and the like. 

(c) Examples of ceramic: ceramic ware, glass ware, products made of ceramic and enameling. For example, san- 
20 itary ware (for example, toilet stool, washbowl, bathtub and the like), tableware (for example, rice bowl, plate, bowl, 

teacup, can, bottle, container of percolator, pan, mortar, cut andthe like), flowervase (for example, basin, flowerpot, 
small vase and the like), water tank (for example, water tank for culture, water tank appreciation and the like), 
chemistry apparatus (for example, beaker, reaction container, test tube, flask, petri dish, cooling tube, stirring rods, 
stirrer, mortar, batt, syringe and the like), tile, cnamelod tableware, enameled washbowl, enameled pan and the 
25 like). 

(d) Example of mirror: hand mirror, mirror of compact, full-length mirror, mirror in bathroom, mirror in washroom, 
mirror of automobile (for example, rear-view mirror, side-view mirror and the like), traffic mirror (for example, mirror 
at curve, reflector andthe like), half mirror, mirror for shop window, mirror in department and the like. 

(e) Examples of molding components: press tool, foundry molding tool, injection die, carrier tool, vacuum forming 
30 tool, blow mold, extrusion molding die, inflation base, fabric spinneret, calendering roll and the like 

(f) Examples of garniture: clock., precious stone, pearl, sapphire, ruby, emerald, garnet, cat's-eye : diamond, topaz, 
bloodstone, aquamarine, sardonyx, turquoise, jade, marble, amethyst, cameo, opal, crystal, glass, ring, bracelet, 
necklace, anklet, breastpin, tiepin, earring, pierced earring, precious metal garniture, platinum, gold, silver, copper, 
aluminum, titanium, tin, products made of alloy of them or stainless, glass frames and the like. 

35 (g) Examples of food molding form: cake baking form, cookie baking form, bread baking form, chocolate baking 

form, jelly molding form, ice cream molding form, oven tray, ice tray and the like. 

(h) Examples of cookware: pan, iron pot, kettle, pot, bowl, frying pan, hot plate, grill net, flinger, "takoyaki" plate, 
bread baking pot, pot of rice cake maker, pot of rice cooker, ladle, whisk and the like. 

(i) Examples of paper: gravure paper, water repellent and oil repellent paper, poster paper, high-grade booklet 
40 paper andthe like. 

(j) Examples of resin: polypropylene, polyolefin such as polyethylene, polyvinyl chloride, polyvinylidene chloride, 
polyamide, polyimide, polyamide-imide, polyester, aramid, polystyrene, polysulfone, polyether-sulfone, polyphe- 
nylene sulfide, phenol resin, furan resin, urea resin, epoxy resin, polyurethane, silicone, ABS resin, methacrylic 
acid resin : methacrylate resin, acrylic resin, acrylate resin, polyacetal resin, polyphenylene oxide and the like. 
45 (k) Examples of electric home appliances: television, radio, tape recorder, audio, personal computer, compact disk 

(CD), mini disk (MD), digital video disk (DVD), refrigerator of freezing equipments, freezer, air conditioner, juicer, 
blender, mill mixer, washing machine, vacuum cleaner, lighting fixtures, tumbler drier, dishwasher, shaver, antenna, 
blade of electric fan, dial plate, perm dryer and the like. 

(I) Examples of sporting goods: skis, snowboard, skateboard, fishing pole, drop line, fishnet, float, pole for pole 
so jump, ball, sailing board, jet-ski : surfboard, golf ball, bowling ball and the like, 

(m) Example of applications to vehicle, vessel and airplane: 

(1) ABS resin: lamp cover, instrument panel, interior trim, protector of motorcycle 

(2) cellulosic plastic: mark and steering wheel of automobile 
55 (3) FRP (fiber reinforced plastic): shell bumper, engine cover 

(4) phenol resin: brake 

(5) polyacetal: windshielded wiper gear gas valve, caburetor parts 

(6) polyamide: radiator fan 
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(7) polyacrylate: directional lens, dashboard lens, relay housing 

(8) polybutylene terephthalate: rear end, front fender 

(9) polyamino bis-maleimide: engine parts, gearbox, wheel, suspension drive system 

(10) methacryhc resin: lamp cover lens, instrumental board, instrumental board cover, center mark 

(11) polypropylene: bumper 

(12) polyphenylene oxide: radiator grill, wheel cap 

(13) polyurethane: bumper, fender, instrument panel fan, 

(14) unsaturated polyester resin: body, fuel tank, heater housing, instrument board and the like. 

(n) Examples of office supplies: fountain pen, ball-point pen, mechanical pencil, pen case binder desk chair 
bookshelf, rack, letter case, telephone board, ruler, drawing utensil and the like ' 
(o) Examples of building materials: roof material, outer wall material and inner packing ceramic tile slate tile 
ga vanized sheet (galvanized sheet iron) and the like as outer wa.l materials, timber 0n2£E^£& 
mortar, concrete ceramic-based sizing, metal-based sizing, brick, stone, plastic materials, metallic material such' 
as aluminum and the hke. timber (including processed timber), metallic material such as aluminum Xt c mate 
rials, paper, fiber and the like as inner packing. : p asl '° maIe 

(p) Examples of stone: granite, marble, granite and the like. For example, building, building material work of art 
ornament, bath, gravestone, monument, gatepost, stone fence, pitching and the L 

(q) Examples of musical instrument and acoustic equipments: musical instrument such as percussion instrument 
str n calvier and aerophone, acoustic equipments such as microphone and speaker, for example, drum cymbal 

zz jz:t k r ar ' kot0, piano - ° rgan ' accordion - »«•■ •»*"»«*'. ^ ^ , he ' r 

(r) he others thermos bottle, vacuum equipment, high withstand voltage insulating glass and the like havino hiah 
water and o.l repellent stainproof effect such as power transmitting glass or spark "g. 9 9 

I 0 nd° a 8 ln a I! 1 ,f e a i 7 entOrS ?l th J^ PreSen, inVemi ° n haVe diSC '° Sed 3 chemisorption fi'm where film density is improved 

h7k 2 re0 ' in JaPaneS Pa,em N0 " 2 " 598 ' 867 - ,n ,he Chemical| y adso *ed film LnZZq 
method disclosed ,n this publication, adsorption reaction and cleaning for removing unreacted non-adsorbed molec les 

rJSHT TTX 1 8 Chemfeor P« on ^ * to a base body and a chemically a sorb Tft and 
a chem,cally adsorbed f.lm having high density is formed. Moreover, a nonaqueous solvent is used for the c 1^1 

EL J"? iS ' the ? em J Ca ,"^ adS0 * ed ,ilm f ° rmed by ,he above method - since chemisorption graft molecules are 
bonded to chemisorption backbone molecules first adsorbed to the base material even in a portion oMhe surface of 
he base ma er.al where a functional group having active hydrogen does not exist, a distance between moSes of 
the chem,cally adsorbed film becomes short so that a structure with high density is obtained FuSZT since hv 
ro7 !Z UP t ' S "T 6 ' b0ndin9 ,0 the chemis0f Ption backbone molecules or the like r e7ng iii b nded 
5^, Che ™ sorpt ™ 9 raft molecules ' a ,0 < °' hydroxy, group remains in the chemisorption film 
£V„i Jl ea r J ' n th f u°T niC thin fi ' m °' ,hS pr6Sent inVenlion ' since ™ st 01 ™e Arming molecules are 
tht^n t f 6 ma,eria '' ilS d6nSity * ' 0Wer than that of the chemisorption film Moreove since 

he drying s ep ,s earned out ,n the manufacturing process and dehydration reaction • allowed to take Tee between 
the hyd oxyl groups exist.ng in the film so that the hydroxyl groups are crosslinked, there is a JeS^nTat 
hydroxyl group exists in the organic thin film in comparison with the chemisorption film ^station that 

[01 11] Accordingly, the present invention establishes the manufacturing process as for the orqanic thin film havinn 
he mm structure essentially different from that of the chemisorption film disclosed in the above p b, cl ion 9 
mean! Z . ' ^ ^ ^ manufacturi "9 of the present invention is composed of film forminq 

means and removing means (see Fig. 7). Further, base material delivery means 52 composed of a corZZS 

mm ThTSmT " T"' r be diSP0S6d be ' Ween lhe ' ilm <°™ n * means and °» -movTng mJrs " 
S adsorbld J2 t 3 UnCt, '° n ,h3t a " Chemiso ^ tion s °»*°" - applied to a base materia, and groups 

fi m 1 °o? H A ,h , ', nC Chemis0r P tion soluti °" ™ adsorbed and fixed onto the base material so that a 

Te :Jn b TlT 9 meanS ' C ° nCre,ely eXamp,e ' 8 Spinnin9 ° r r0 " er *" e coatin 9 appiicator or the 

ZltLJ^Z^T 9 mCanS 3 ' UnC,i ° n ,hat an ° bjeCt 10 be C,eaned is c,eaned b V a cleaning agent including at 
least one selected from a group of ketone, alkylene glycol and alkoxy alcohol. Here, the object to be cleaned is non 
adsorbed molecules which adhere to and remain on the base material (unfixed molecules) 

[0115] Further, the film forming means and the removing means may be constituted so as to be included in one 
closed system, or they may be disposed independently. mciuaea in one 

Elll th f k b ° Ve COnS,i,U,i ° n ' the fi ' m '° rming means and removin 9 means ara 'he one closed system so as 
to be capab.e of being iso.ated from the externa, air. As a resuft. the film forming step and the removing Sp can be 
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carried out in a dry atmosphere (Fig. 7(a)). Here., the constitution that the film forming means and the removing means 
are in the one closed system means that, for example, air shielding means 51 in which the film forming means and 
removing means can be disposed is included in the organic thin film manufacturing apparatus. The air shielding means 
51 is not particularly limited as long as it can isolate the external air from the inside, and for example, a chamber, a 

5 processing room or the like which can control temperature, humidity and the like can be provided. As the air shielding 
means 51 , convection control means, which can, needless to say, control humidity as well as inner convection at normal 
temperature and pressure, can be provided. As a result, inner humidity and convection state can be controlled, and 
working safety can be secured. The working safety is necessary because when a compound with small molecular 
weight of ketone, alkylene glycol or alkoxy alcohol is used, a cleaning agent containing them requires special care due 

10 to its flammability. 

[0117] In addition, the film forming means and the removing means, as mentioned above, can be constituted as 
processing units which are separated and independent from each other (Fig. 7(b)). Moreover, in the case where the 
film forming step and the removing step are desired to be carried out in a dry atmosphere, air shielding means may 
be disposed for each processing unit so that those means can be isolated form the air and can control humidity and 
is the like. 

[01 18] The removing means may be of batch processing system or flow processing system. 
[01 19] As the batch processing system, a soaking method or the like of soaking a base material as an object to be 
cleaned can be used. As concretely shown in Fig. 8(a), in this soaking method, the cleaning agent 32 is poured into a 
cleaning lank 31 and base materials 34 are placed in a cassette 33, and the cassette 33 is soaked in the cleaning tank 

20 31 for predetermined time so that the base materials 34 are cleaned. 

[01 20] As shown in Fig. 8(b), for example, as the flow processing system, a cleaning apparatus, which is composed 
of a carrier section 41 for carrying the base materials 34 and a plurality of injection devices 42 for injecting a cleaning 
agent, can be used. Further, the injection devices 42 are composed of a gate arch-shaped main body section 43 and 
nozzles 43 for injecting the cleaning agent like spray or droplet. Moreover, the nozzles 43 are provided so that the 

25 injection direction of the cleaning agent is the same as a down direction. On the other hand, the carrier section 41 is 
provided so as to be inside the gate arch-shaped main body section 43. In the cleaning apparatus having the above 
structure, the base materials 34 placed on the carrier section 41 are carried to a direction of an arrow A : and the 
cleaning agent is injected from the nozzles 44 so that the base materials 34 are cleaned. The above-mentioned batch 
processing system and the flow processing system are only examples, and the present invention is not limited to the 

30 above means. Any techniques which have the structure substantially same as the technical idea described in claims 
of the present invention and the similarfunctions and effects are included in the technical scope of the present invention. 
[0121] In addition, the organic thin film manufacturing apparatus of the present invention can be provided with clean- 
ing agent removing means so that the cleaning agent removing step of removing the cleaning agent adhering to the 
base material is carried out as the need arises (Figs. 7(a) and 7(b)). Further, the cleaning agent removing means, as 

35 shown in Fig. 7(c), may have rinse means and drying means. The rinse means is not particularly limited, and conven- 
tionally known various rinse apparatuses can be used. Moreover, the drying means is not particularly limited, and 
conventionally known various drying apparatuses can be used. As the drying means, blow by means of normal tem- 
perature wind or warm wind can be suitably adopted. 

[01 22] In addition, in the case where a base material made of paper, fiber or the like is used and an organic thin film 
40 is formed on this base material, it is necessary to select a type of cleaning agents, a cleaning method and the like 
suitably as the need arises. 

[Liquid Crystal Alignment Film and Liquid Crystal Display Device] 

45 [0123] In the case where the organic thin film of the present invention is applied as the liquid crystal alignment film 
to a liquid crystal display device, the organic thin film can be manufactured by the following method. 
[0124] At first, a substrate, on which electrodes or the like made of ITO (indium tin oxide) are formed according to 
the above-mentioned procedure, is brought into contact with the chemisorption solution so that the adsorbed molecules 
are adsorbed (S2, see Fig. 1). The adsorbed molecules can be adsorbed onto the surface of ITO because OH group 

50 exists on the surface of ITO, and the adsorbed molecules has a functional group showing reactivity to a functional 
group having active hydrogen such as OH group. As a result, a thin film with excellent peeling resistance can be formed. 
[0125] In addition, in the case where little OH group or the like exist on the surface of ITO, it is preferable that an 
excimer UV treatment, a plasma treatment or the like is conducted, the surface of ITO is reformed so that OH group 
is increased, or another substance layer (for example, deposited SiO layer or the like) is formed on the substrate so 

55 that a liquid crystal alignment film is formed via the substance layer. 

[0126] Next, non-adsorption molecules remaining on the surface of the substrate are cleaned and removed at S3. 
As a result, the remaining non-adsorption molecules are removed so that a thin film with uniform thickness can be 
formed. Therefore, turbulence of the alignment state of liquid crystal due to the remaining non-adsorption molecules, 
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namely, an alignment defect can be suppressed. Moreover, in the case where cleaning is carried out by a conventional 
cleaning agent such as chloroform, there arose a problem that turbulence of the adsorbed state of the adsorbed 3 

iTlT.T , ',° C,eanin9 ' H ° WeVer the 3b0Ve rem ° vin9 S,e * since lhe cleanin ° "med ou, by using" ! 
c eanmg agent containing one selected from the group of ketone, alkylene glycol and alkoxy alcohol the turbulence 

molecules align uniformly can be obtained. UBU 
[01 27] Next, similarly to the case of the above-mentioned organic thin film manufacturing method the cleanino aaent 

S;, l e ^ 31 S4 n° ,ha ' " qUid CfyS,al a ' i9nment ,i,m of the ^ invention'can be 5Z£S Here 
he liquid costal alignment film may be subject to an aligning treatment such as a rubbing treatment as the need ariseT 
[0128 As a resu ., the liquid crystal alignment film manufacturing method of the present invention ca form a aufd 

SSltSSSS^T 8 Unif ° rm ,hiCknSSS Wi,h0U ' USin9 3 Chl0 "" ne - baSed C ^ ^nt while 
[0129] The liquid crystal alignment film obtained in the above manner can be applied to the liquid crystal disolav 
^-ceaccordingtotheembod^ 

6,1 s: ^zr* s as h ,o h have a ,irst substra,e 61 a second subs,ra,e ^ twL y Jth me ; £szz 

6 , and a liquid crystal layer 63 which .ntervenes between the first substrate 61 and the second substrate 62 TFT (thin 
fi m transistor) groups 64 and first electrodes 65 areformed on an inner side of the first substrate 61 a d a HquSS 
alignment mm 66 ,s formed on the first electrode 65. A color filter 67 is formed on an inner .u^iTSSS 
substrate 62. and a second electrode 68 is formed on the second substrate 62 and the color filter 67 A liqu* crystal 
* I ° rmed h ° n ^ e S6C0nd e,ectrode 68 - M ~r, the first substrate 61 and the second 2 tra7e 2 
are bonded by a seal member 70 so that liquid crystal is sealed and held in a panel. A polarization plate 71 is provided 
on an outer s.de of the firs, substrate 61 , and a polarization plate 72 is provided Ion an outside oZJt con Sa'e 

[0130] The first substrate 61 and the second substrate 62 are transparent substrates made of glass for example 
Moreover the firs electrode 65 and the second electrode 68 are transparent conductive film made of TO fo example 

2nJ£ul C Z ^ !? 5 C ° nStitU,ed S ° 38 l ° inC ' Ude nemaliC ^ ,0f The coto Z r 7? Is 

constituted so as to include dots of R (red), G (green) and B (blue). 

[0131] According to the liquid crystal display device having the above structure, the alignment defect or the like of 
liquid crystal ,s no, visually recognized so that excellent display quality can be provided This is because as men on e d 

moduli ,hiCk rrI the f ' iqUid CryS,a ' aN9nment iS Uni,0m a " d the St " "of aSSJ 

I IS 2 T°T TT" Z ° b,ained ' 3nd thUS eXCe " ent a,i9nina P erf °™nce is displayed so that liquid crystal 
molecules can be aligned without disorder of the alignment stale. 

[0132] Further, the liquid crystal display device having the above structure can be manufactured by adopting a con- 
- I?;' kn ° Wn meth ° d ,hat ' iqUid ^ a,ianment films 66 «■ » are deposi.ed by the aCSoned 

EL^miS? ST,' fK i9 T ent fi ' m manu,acturina a PP aratus according to the present invention can have the 
ZSZ^TJSZ ab ° Ve - men,i0ned 0raa " iCthin film <™**** a PP a -us. Therefore, the detailed 
[0134] There will be detailed exemplarily below suitable embodiments of the present invention with reference to the 
40 drawings. Here, material, manufacturing conditions and the like of the components described in thTemboSmen ts are 
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[First Embodiment] 
(Embodiment 1-1) 
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2n a" wtX y a;ed h ' 0r0Si,ane *" diSS °' Ved * " " ,0 * *°* 1 -no an chemisorption 

[0136] Next, a glass substrate 11 (2 cm x 5 cm. thickness: 1.1 mm) which was subject to degreasing cleanino 

etedt ,r, 0 T '"h *" Ch f miSOrpti0n Solution A ,or 1 ^ As a result, a dehydrochlorinatio'n reaotic n rep re' 
seated by he following chem.cal equation ,ook place between hydroxyl group existing on the surface of the qtess 

ZnTbond ° Xy ' 9r ° UP ' ChemiSOr P tio " so,uti °" A " as chemisorbed L> the glass substrate ' v a 
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[0137] Next, a sufficient amount (50 ml to 100 ml) of acetone as a cleaning agent was poured into a cleaning tank 
in air of relative humidity of about 35% and was heated at about 45°C. The glass substrate 1 1 was sufficiently cleaned 
in the cleaning tank. Further, the glass substrate 1 1 was rinsed sufficiently in order to rinse off polyethylene glycol which 
adhered to the surface of the glass substrate 11 with water. As a result, the cleaning agent is rinsed off, and unreacled 
20 ci group in molecules chemisorbed onto the glass substrate 11 is substituted by OH group. Next, the glass substrate 
1 1 was dried. As a result, a dehydration reaction took place between the OH groups and the OH groups were crosslinked 
so that a monomolecularfilm 12 shown in Fig. 10 was formed on the glass substrate. 

[0138] Here : when the monomolecular film 12 was measured by Fourier transform infrared spectroscopy method 
(hereinafter, referred to as FT-IR), as shown in Fig. 11, a signal, which is distinctive in 2930 to 2840 cm* 1 (attribute: 
25 CH 3 and -CH 2 -), 1470 cm" 1 (attribute: -CH 2 -), and 1080 cm" 1 (attribute: -Si-O-), could be obtained. As a result, it was 
confirmed that the monomolecularfilm 12 shown in Fig. 10 was formed. 

[0139] The removing step in the present embodiment may be carried out in dry air with relative humidity of not more 
than 5% or in nitrogen, but the satisfactory result could be obtained in air with relative humidity of not more than 35%. 

30 (Comparative example 1 -1 ) 

[0140] In this comparative example 1-1 , the steps similar to the above embodiment 1 -1 except that chloroform was 
used as a cleaning agent were carried out so that the monomolecular film 1 2 was deposited on the glass substrate 1 1 . 
When this monomolecular film 12 was subject to FT-IR measurement, as shown in Fig. 12, a signal with absorption 
35 strength approximately same as that of the absorption spectrum shown in Fig. 11 could be obtained in the absorption 
position approximately same as that of the absorption pectrum shown in Fig. 11 . 

[0141] Furthermore, when the embodiment 1-1 was compared with the comparative example 1-1 in detail, the fol- 
lowing different points in the film structures were found out. Namely, in the absorption spectrums shown in Figs. 11 
and 12, when adsorption to CH 2 of 2920 cm' 1 resulted from asymmetric stretching vibration was compared with ad- 

40 sorption to CH2 of 2860 cm* 1 resulted from symmetric stretching vibration, its absorption ratio became 2.2:1 in Fig. 11 
of the embodiment 1-1 and 2.0:1 in Fig. 12 of the comparative example 1-1. This shows that the monomolecular film 
of the embodiment 1-1 has the film structure which is more uniform and ordered than that of the monomolecular film 
in the comparative example 1 -1 . This is because in the FT-IR measurement method, a judgment can be made that as 
the absorption ratio of CH 2 reaches 1 :1 closer, the adsorption state of the film forming molecules (adsorbed molecules) 

45 is more disordered (T.Ohtake et at., Langmuir, 2081 ,8,1992). 

(Embodiment 1-2) 

[0142] In an embodiment 1-2, the steps similar to those in the embodiment 1-1 except that methyl ethyl ketone (50 
50 ml to 1 00 ml) was used as a cleaning agent were carried out so that the monomolecular film 12 was disposed on the 
glass substrate 11. When this monomolecularfilm 12 was subject to the FT-IR measurement, a signal with adsorption 
strength approximately same as that in Fig. 11 was be obtained in the position approximately same as that in Fig. 11 . 

(Embodiment 1-3) 

55 

[0143] At first, a compound of about 1 weight% represented by the following chemical equation (4) was dissolved in 
siloxane-based solvent (product name: K F96L made by Shin-Etsu Chemical Co. Ltd.)/toluene (= 1 0/1 ) so that an chem- 
isorption solution B was prepared. 
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CI 

<Q^CH=CH-C-<Q-0-(CH2)6-OSi-Cl 



o 



CI 



(4) 



[0144] Next, the glass substrate 1 1 which was sufficiently degreased and cleaned was soaked in the chemisorption 

TiZ 3 TTZ atm ° S P here - AS 3 resul1 ' the molecules represented by the above chemical equation 

(4) were chemisorbed onto the brass substrate 11 as represented by the following chemical equation (5). 




CI 

CH=CH-C-0-O(CH 2 )6-O^i-O^r t L al 

o CI 

♦ — (5) 

[0145] Next, sufficient amount of acetone (50 ml to 100 ml) as a cleaning agent was poured into a cleaning tank in 
air wrth humidity of 35%, and the glass substrate 11 was sufficiently cleaned in the cleaning tank. Further the glass 
substrate 11 was sufficiently rinsed in order to rinse off the acetone adhering to the surface of the glass substrate 11 
with water. As a result, the cleaning agent is rinsed off, and unreacted CI group in the molecules chemisorbed onto 
the glass substrate 11 is substituted by OH group. Next, the glass substrate 1 1 was dried. As a result the OH groups 
fn!.c e , V J a,6d ,0 be crosslinked ' and a monomolecular film 1 3 shown in Fig. 1 3 was formed on the glass substrate 11 
[0146] Here, when the monomolecular film 13 was measured by FT-IR, as shown in Fig. 14 a siqnal which is dis- 
t'nct-vein^ 

cm-1 (attribute: benzen skeleton) and 1080 cm-1 (attribute: -Si-O-), could be obtained. As a result, it was confirmed 
that the monomolecular film 12 was formed. 

(Comparative example 1 -2) 

[01 47] In the comparative example 1 -2, the steps similar to those in the embodiment 1 -3 except that chloroform was 
used as a cleaning agent were carried out so that the monomolecular film 1 3 was deposited on the glass substrate 1 1 
When this monomolecular film 1 3 was subject to the FT-IR measurement, as shown in Fig. 1 5, a signal with absorption 
strength approximately same as that in Fig. 14 was obtained in a position approximately same as that in Fig 14 
[0148] Further, when the embodiment 1-3 was compared with the comparative example 1-2 in detail the followino 
different points in the film structures were found out. That is, in the absorption spectrums shown in Figs 14 and 15 
absorption to CH 2 of 2920 cm-1 resulted from asymmetric stretching vibration was compared with absorption to CH ' 
of 2860 cm-« resulted from symmelrjc s(relcnjng vibralioni the absorpljon raljo became 2A ;1 jp R M Q( ^ 

■ment 1-3 and 1 .9:1 in Fig. 1 5 of the comparative example 1 -2. Therefore, it was found that the monomolecular film of 
the embodiment 1 -3 has the film structure which is more uniform and ordered than that of the monomolecular film of 
the comparative example 1-2. 

(Comparative example 1 -3) 

[0149] In the comparative example 1-3, the steps similar to those in the embodiment 1-3 except thai ethyl acetate 
or ethyl formate was used as a cleaning agent were carried out so that the monomolecular film 13 was deposited on 
the glass substrate 11 . When the glass substrate 11 on which the monomolecular film 13 was deposited was exposed 
to air, the surface of the glass substrate 11 got a nebula in an instant so that a transparent thin film could not be 
deposited. Here, the ethyl acetate, and ethyl formate are ester group disclosed in Japanese Unexamined Patent Ap- 
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plication Publication Nos. 6-45142 (1994). 6-312477 (1994), 6-187692 (1994) and the like. 



(Comparative example 1-4) 

[0150] In the comparative example 1-4, the steps similar to those in the embodiment 1-3 except that toluene was 
used as a cleaning agent were carried out so that the rnonomolecular film 1 3 was deposited on the glass substrate 1 1 . 
[0151] When the rnonomolecular film 13 deposited on the glass substrate 11 was observed, it was seen that the 
rnonomolecular film 1 3 clouded up thin. Further, when the rnonomolecular film 1 3 was subject to the FT-IR measure- 
ment, as shown in Fig. 16 : a signal with great absorption strength was obtained clearly differently from Figs. 14 and 
15. This shows that in the case where toluene is used as a cleaning agent, the cleaning is insufficient. 

(Comparative example 1-5) 



[0152] In the comparative example 1-5, the steps similar to those in the embodiment 1-3 except that DMF (dimethyl 
is formamide) was used as a cleaning agent were carried out so that the rnonomolecular film 13 was deposited on the 
glass substrate 11 . 

[0153] When this rnonomolecular film was observed, it was seen as colorless and transparent. Further, when the 
rnonomolecular film 13 was subject to the FT-IR measurement, as shown in Fig. 17, a signal with great absorption 
strength was obtained clearly differently from Figs. 14 and 15. This shows lhal in the case where DMF is used as a 
20 cleaning agent, the cleaning is insufficient. 



(Result) 



[0154] According to the above results, it was confirmed that when an organic thin film was manufactured, acetone 
25 or methyl ethyl ketone was used as a cleaning agent at the removing step so that the cleaning effect which is the same 
as that of chloroform was produced. Further, it was confirmed that also in the case where diethyl ketone, methyl isobutyl 
ketone, acetyl ketone or the like was used besides the acetone or methyl ethyl ketone, the cleaning effect which is the 
same as that of the case where chloroform was used can be produced. Meanwhile, it was confirmed that the above 
cleaning agents have more excellent cleaning effect in comparison with the case where toluene or DMF which is not 
30 a chlorine-based cleaning agent was used as a cleaning agent. Therefore, it was found that the cleaning agents ac- 
cording to the above embodiments are useful as substitute cleaning agents of organic chlorine-based solvent. 



[Second Embodiment] 
35 (Embodiment 2-1) 



[0155] At first, n-octadecyl trichlorosilane of about 1 weight% was dissolved in hexadecane so that an chemisorption 
solution A was prepared. 

[0156] Next, a glass substrate 21 (20 x 7 mm, thickness: 1 .1 mm) which was subject to degreasing cleaning suffi- 
ce ciently was soaked in the chemisorption solution A for 1 hour. As a result, dehydrochlorination reaction represented 
by the following chemical equation took place between hydroxyl group existing on the surface of the glass substrate 
21 and trichloroxyl group so that the chemisorption solution A was chemisorbed onto the glass substrate 21 via siloxane 
bond. 
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[0157] Next, polyethylene glycol (average molecular weight: 300) of 50 ml (an amount that the glass substrate 21 is 
soaked therein sufficiently and shaking-off cleaning is possible) as a cleaning agent was poured into a cleaning tank 
in an air with relative humidity of about 35% to be heated at about 45°C. The glass substrate 21 was cleaned in the 
cleaning tank three times. Cleaning time required for the cleaning at a time was about 1 minute. Further, the glass 
substrate 21 was rinsed in order to rinse off polyethylene glycol which adhered to the surface of the substrate 21 with 
water. The rinsing was conducted by leaving the glass substrate 11 in flowing water for 5 minutes. As a result, the 
cleaning agent is rinsed off, and unreacted CI group in the molecules chemisorbed to the glass substrate 21 is substi- 
tuted by OH group. Next, the glass substrate 21 was dried. As a result, the OH groups are dehydrated so as to be 
crosslinked, and a rnonomolecular film 22 shown in Fig. 18 was formed on the glass substrate 21. 
[0158] Here : when the rnonomolecular film 22 was measured according to the Fourier transform infrared spectros- 
copy method (hereinafter, referred to as FT-IR), as shown in Fig. 1 9, a signal, which is distinctive in 2930 to 2840 cm' 1 
(attribute: CH 3 and -CH 2 -), 1470 cm*i (attribute: -CH 2 -), and 1080 cnr 1 (attribute: -Si-O-), could be obtained. As a 
result, it was confirmed that the rnonomolecular film 22 shown in Fig. 18 was formed. 

[01 59] The removing step in the present embodiment may be carried out in dry air with relative humidity of not more 
than 5% or in nitrogen, but the satisfactory result could be obtained in air with relative humidity of not more than 35%. 

(Comparative example 2- 1 ) 

[0160] In the comparative example 2-1 , the steps similar to the above embodiment 2-1 except that chloroform was 
used as a cleaning agent were carried out so that the rnonomolecular film 22 was deposited on the glass substrate 
21 . When this rnonomolecular film 22 was subject to FT-IR measurement, as shown in Fig. 20, a signal with absorption 
strength approximately same as that of the absorption spectrum shown in Fig. 20 could be obtained in the absorption 
position approximately same as that of the absorption pectrum shown in Fig. 19. 

[0161] Furthermore, when the embodiment 2-1 was compared with the comparative example 2-1 in detail, the fol- 
lowing different points in the film structures were found out. Namely, in the absorption spectrums shown in Figs. 19 
and 20, when adsorption to CH 2 of 2920 cm' 1 resulted from asymmetric stretching vibration was compared with ad- 
sorption to CH2 of 2860 cm- 1 resulted from symmetric stretching vibration, its absorption ratio became 1 .65:1 in Fig. 
1 9 of the embodiment 2-1 and 1 .58:1 in Fig. 20 of the comparative example 2-1 . Therefore, it was found that that the 
rnonomolecular film of the embodiment 2-1 has the film structure which is more uniform and ordered than that of the 
rnonomolecular film in the comparative example 2-1 . 

(Embodiment 2-2) 

[0162] At first, a compound of about 1 weight% represented by the following chemical equation (4) was dissolved in 
siloxane-based solvent (product name: KF96L made by Shin-Etsu Chemical Co. Ltd.)/toluene (= 1 0/1 ) so that an chem- 
isorption solution B was prepared. 



ci 

<Q^-CH=CH-C-<Q)-o-(CH2)6-OSi-C] 

o a 

... (4) 

[01 63] Next, the glass substrate 21 which was sufficiently degreased and cleaned was soaked in the chemisorption 
solution B for 1 hour in a nitrogen atmosphere. As a result, the molecules represented by the above chemical equation 
(4) were chemisorbed onto the brass substrate 21 as represented by the following chemical equation (5). 



19 



EP 1 132 147 A2 



CI 




CH=CH-C— 

o 




>-0(CH2)6-OSi-0 



_ Base 
material 



CI 



* 



(5) 



[0164] Next, sufficient amount of glycol ether (product name: PK-LCG55, made by Parker Corporation) (average 
molecular weight: 200) as a cleaning agent was poured into a cleaning tank in air with humidity of 50% so that the 
cleaning tank was heated at, about 80°C . The glass substrate 21 was sufficiently cleaned in the cleaning tank. Further, 
the glass substrate 21 was sufficiently rinsed in order to rinse off the polyethylene glycol adhering to the surface of the 
glass substrate 21 . As a result, the cleaning agent is rinsed off, and unreacted CI group in the molecules chemisorbed 
onto the glass substrate is substituted by OH group. Next, the glass substrate 21 was dried. As a result, the OH groups 
are dehydrated to be crosslinked, and a monomolecular film 23 shown in Fig. 21 was formed on the glass substrate 21 . 
[0165] Here, when the monomolecular film 23 was measured by FT-IR, as shown in Fig. 22, a signal, which is dis- 
tinctive in 2920 to 2840 cm' 1 (attribute: -CH 2 -), 1650 cm' 1 (attribute: C=0), 1600 cm 1 (attribute: benzen skeleton), 1345 
cm" 1 (attribute: benzen skeleton) and 1080 cm" 1 (attribute: -Si-O-), could be obtained. As a result, it was confirmed 
that the film was formed. 

(Comparative example 2-2) 

[01 66] In the comparative example 2-2, the steps similar to those in the embodiment 2-2 except that chloroform was 
used as a cleaning agent were carried out so that the monomolecular film 23 was deposited on the glass substrate 
21 . When this monomolecular film 23 was subject to the FT-IR measurement, as shown in Fig. 23, a signal with ab- 
sorption strength approximately same as that in Fig. 22 was obtained in a position approximately same as that in Fig. 22. 
[0167] Further, when the embodiment 2-2 was compared with the comparative example 2-2 in detail, the following 
different points in the film structures were found out. That is, in the absorption spectrums shown in Figs. 22 and 23, 
absorption to CH 2 of 2920 cnrr 1 resulted from asymmetric stretching vibration was compared with absorption to CH 2 
of 2860 cm* 1 resulted from symmetric stretching vibration, the absorption ratio became 1 .8:1 in Fig. 22 of the embod- 
iment 2-2 and 1 .7:1 in Fig. 23 of the comparative example 2-2. Therefore, it was found that the monomolecular film of 
the embodiment 2-2 has the film structure which is more uniform and ordered than that of the monomolecular film of 
the comparative example 2-2. 

(Embodiment 2-3) 

[01 68] In the embodiment 2-3, the steps similar to those in the embodiment 2-2 except that ethoxy ethanol was used 
as a cleaning agent were carried out so that the monomolecularfilm 23 was deposited on the glass substrate 21 . When 
this monomolecular film 23 was subject to the FT-IR measurement, as shown in Fig. 24, a signal with absorption 
strength approximately same as that in Figs. 22 and 23 could be obtained in a position approximately same as that in 
Figs. 22 and 23. 

(Comparative example 2-3) 

[0169] In the comparative example 2-3, the steps similar to those in the embodiment 2-2 except that toluene was 
used as a cleaning agent were carried out so that the monomolecular film 23 was deposited on the glass substrate 21 . 
[0170] When the monomolecular film 23 deposited on the glass substrate 21 was observed, it was seen that the 
monomolecularfilm 23 clouded up thin. Further, when the monomolecular film 23 was subject to the FT-IR measure- 
ment, as shown in Fig. 25 : a signal with great absorption strength was obtained clearly differently from Figs. 22 and 
23. This shows that in the case where toluene is used as a cleaning agent, the cleaning is insufficient. 

(Comparative example 2-4) 

[0171] In the comparative example 2-4, the steps similar to those in the embodiment 2-2 except that DMF (dimethyl 
formamide) was used as a cleaning agent were carried out so that the monomolecular film 23 was deposited on the 
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glass substrate 21. 

[01 72] When this monomolecular film 23 was observed, it was seen as colorless and transparent Further when the 
monomolecular film 23 was subject to the FT-IR measurement, as shown in Fig. 26. a signal with great absorption 
strength was obtained clearly differently from Figs. 22 and 23. This shows that in the case where DMF is used as a 
cleaning agent, the cleaning is insufficient. 

(Result) 

[01 73] According to the above results, it was confirmed that when an organic thin film was manufactured polyethylene 
glycol, glycol ether or ethoxy ethanol was used as a cleaning agent at the removing step so that the cleaning effect 
which is the same as that of chloroform was produced. As a result, the organic thin film with uniform thickness where 
non-adsorbed molecules are removed could be manufactured. Meanwhile, it was confirmed that the above cleaning 
agents have more excellent cleaning effect in comparison with the case where toluene or DMF which is not a chlorine 
based cleaning agent was used as a cleaning agent. Therefore, it was found that the cleaning agents according to the 
above embodiments are useful as substitute cleaning agents of organic chlorine-based solvent 
[01 74] As this invention may be embodied in several forms without departing from the spirits of essential character- 
istics thereof, the present embodiment is therefore illustrative and not restrictive, since the scope of the invention is 
defined by the appended claims rather than by the description preceding them, and all changes that fall within metes 
and bounds of the claims, or equivalence of such metes and bounds [hereof are therefore intended to be embraced 
by the claims. 

INDUSTRIAL APPLICABILITY 

[01 75] As explained above, according to the structures of the present invention, the problems of the present invention 
can be solved sufficiently. 

[0176] That is, according to the organic thin film of the present invention, since the organic thin film is formed by 
cleaned by the cleaning agent containing at least one selected from the group of ketone, alkylene glycol and alkoxy 
alcohol, the film structure with uniform thickness which is aligned uniformly and is ordered can be obtained 
[01 77] Further, according fo the organic thin film manufacturing method of the present invention, the cleaning agent 
which contains at least one selected from the group of ketone, alkylene glycol and alkoxy alcohol is used so that unfixed 
molecules can be removed by using this cleaning agent as substitute cleaning agent of a chlorine-based solvent As 
a result, the organic thin film having uniform thickness can be manufactured. As a result, the organic thin film manu- 
factunng process which reduces a load to environment can be provided. 

[01 78] In addition, according to the liquid crystal alignment film of the present invention, since this alignment film has 
the film structure where the thickness is uniform and molecules are aligned uniformed and ordered, liquid crystal mol- 
ecules can be aligned without disturbing the alignment state. 

[0179] Further, according to the liquid crystal alignment film manufacturing method of the present invention the 
cleaning agent which contains at least one selected from the group of ketone, alkylene glycol and alkoxy alcohol is 
used so that unfixed molecules can be removed without using a chlorine-based organic solvent, and the liquid crystal 
alignment film with uniform thickness can be manufactured. Moreover, the liquid crystal alignment film, which has the 
adsorption state with respect to a substrate and excellent alignment function, can be manufactured while a load to 
environment is being reduced without disordering the film structure. 

[01 80] Further, the liquid crystal display device having such a liquid crystal alignment film can produce the effect that 
alignment defect or the like of liquid crystal is not visually recognized and display quality is excellent. Therefore the 
industrial significance of the present invention is great. 



Claims 



2. 



An organic thin film composed of molecules bonded to a base material, characterized in that said oroanic thin film 
is obtained so that after molecules having a functional group showing reactivity to a functional group having active 
hydrogen are brought into contact with and bonded to a surface of said base material, the molecules which are 
not bonded to said base material are removed by a cleaning agent which contains at least one selected from a 
group of ketone, alkylene glycol and alkoxy alcohol. 

The organic thin film according to claim 1, characterized in that the functional group showing reactivity to the 
functional group having active hydrogen is one selected from a group of functional groups represented by the 
following general formulas (1). 
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-AX , -AX2 and -AX* - ' ■ <1> 
I 

(In the formula, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

The organic thin film according to claim 1, characterized in that the cleaning agent does not include a chlorine- 
based solvent. 

The organic thin film according to claim 1 , characterized in that a moisture content of the cleaning agent is less 
than 1%. 

The organic thin film according to claim 2, characterized in that a functional group having active hydrogen exists 
on the surface of said base material. 

The organic thin film according to claim 5, characterized in that said base material is composed of one selected 
from a group of glass, metal, metal oxide, resin, paper, fabric, timber and ceramics. 

The organic thin film according to claim 1 , characterized in that said organic thin film is a monomolecularf ilm which 
is obtained in a manner that after the molecules are brought into contact with and bonded to the surface of said 
base material in dry atmosphere, the molecules are removed by the cleaning agent in dry atmosphere. 

An organic thin film composed of molecules bonded onto a base material, characterized in that after said organic 
thin film Is obtained so that molecules, which have one functional group selected from the functional groups rep- 
resented by the following general formulas (1 ), are brought into contact with and bonded to a surface of said base 
material, the molecules which are not bonded onto said base material are removed by a cleaning agent containing 
at least one kind of ketone selected from a group of acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl 
ketone and acetylacetone. 

I I 
-AX , -AX2 and -AX* - • • <1) 

! 

(In the equation A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

An organic thin film composed of molecules bonded onto a base malerial, characterized in that said organic thin 
film is obtained so that after molecules, which have one functional group selected from the functional groups 
represented by the following general formulas (1), are brought into contact with and bonded to a surface of said 
base material, the molecules which are not bonded to said base material are removed by a cleaning agent con- 
taining at least one kind of alkylene glycol selected from a group of ethylene glycol, propylene glycol, butylene 
glycol, ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, ethylene glycol monoethyl ether acetate, 
ethylene glycol monomethyl ether, ethylene glycol monomethyl ether acetate and ethylene glycol mono-n-butyl 
ether. 
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-AX , -AX2 and "AX 3 - - • (1) 



(In the equation. A shows one kind of atom selected from a group composed of silicon, germanium tin titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

An organic thin film composed of molecules bonded onto a base material, characterized in that said organic thin 
film is obtained so that after molecules, which has one functional group selected from the functional groups rep- 
resented by the following general formulas (1 ), is brought into contact with and bonded to a surface of said base 
material, the molecules which are not bonded to said base material are removed by a cleaning agent containing 
at least one kind of alkylene glycol selected from a group of polyethylene glycol, polypropylene glycol, polybutylene 
glycol, polyethylene glycol monoethyl ether, polydiethylene glycol monoethyl ether, polyethylene glycol monoethyl 
ether acetate, polyethylene glycol monomethyl ether, polyethylene glycol monomethyl ether acetate and polyeth- 
ylene glycol mono-n-butyl ether. 



-AX , -AX2 and -AX? --•(!> 
I 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

The organic thin film according to claim 10, characterized in that a molecular weight of the alkylene glycol is within 
a range of not less than 100 to not more than 300. 

12. An organic thin film composed of molecules bonded onto a base material, characterized in that said organic thin 
film is obtained so that after molecules, which have one functional group selected from the functional groups 
represented by the following general formulas (1), are brought into contact with and bonded to a surface of said 
base material, the molecules which are not bonded to said base material are removed by a cleaning agent con- 
taining at least one kind of alkoxy alcohol selected from a group of ethoxy ethanol and methoxy alcohol 



—AX , -AX2 and -AX3 • • • (D 



(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium tin titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

13. An organic thin film manufacturing method, characterized by comprising: 

the film forming step of bringing molecules having a functional group showing reactivity to a functional group 
having active hydrogen into contact with a base material so as to be bonded onto said base material, thereby 
to form a film composed of the molecules; and 

the removing step of removing the molecules which are not bonded onto said base material with a cleaning 
agent which contains at least one selected from a group of ketone, alkylene glycol and alkoxy alcohol. 

14. The organic thin film manufacturing method according to claim 13, characterized in that the molecules have one 
functional group selected from the functional groups represented by the following general formulas (1). 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one kind of functional group selected from halogen, alkoxy group and 



-AX , -AX2 and -AX3 - • • <l> 
! 

isocyanate group.) 

15. The organic thin film manufacturing method according to claim 13, characterized in that the cleaning agent does 
not include a chlorine-based solvent. 

16. The organic thin film manufacturing method according to claim 13, characterized in that a moisture content of the 
cleaning agent is less than 1%. 

1 7. The organic thin film manufacturing method according to claim 13, characterized by comprising the cleaning agent 
removing step of removing the cleaning agent adhering to said base material after said removing step. 

1 8. The organic thin film manufacturing method according to claim 1 7, characterized in that the cleaning agent remov- 
ing step includes the rinse step of rinsing off the cleaning agent adhering to said base material with water, and the 
drying step of drying the water adhering to said base material. 

19. The organic thin film manufacturing method according to claim 14, characterized in that a functional group having 
active hydrogen exists on the surface of said base material. . 

20. The organic thin film manufacturing method according to claim 19 : characterized in that said base material is 
composed of one selected from a group of glass, metal, metal oxide, resin, paper, fiber, timber and ceramics. 

21. The organic thin film manufacturing method according to claim 14, characterized in that the film forming step and 
the removing step are carried out in dry atmosphere. 

22. The organic thin film manufacturing method according to claim 21 , characterized in that an organic film is formed 
so that molecules having one functional group selected from the functional groups represented by the above gen- 
eral formulas (1 ) are bonded onto said base material into a monomolecular film shape. 

23. An organic thin film manufacturing method, characterized by comprising: 

the film forming step of bringing molecules having one functional group selected from the functional groups 
represented by the following general formulas (1) into contact with a base material so as to be bonded onto 
said base material, thereby to form a film composed of the molecules; and 

the removing step of removing the molecules which are not bonded onto said base material using a cleaning 
agent containing at least one kind of ketone selected from a group of acetone, methyl ethyl ketone, diethyl 
ketone, methyl isobutyl ketone and acetylacetone. 



-AX , -AX2 ana -AX? • • • (I) 
I 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

24. An organic thin film manufacturing method, characterized by comprising: 
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the film forming step of bringing molecules having one functional qrouo selected frnm t ho 

represented by the following genera, formulas (ifin.o contact J^X^^^i^S^ 

said base material, thereby to form a film composed of the molecules- and 

butyleneg,^ 



1 I 
-AX , -AX2 an d -AX3 - - - (l) 

I 

zirconium. X shows one funct.onal group selected from halogen, alkoxy group and isocyanate group.) 
25. An organic thin film manufacturing method, characterized by comprising: 

the film forming step of bringing molecules having one functional qrouo selected from th» f,,n^„=, 
represented by the following genera, formulas (1) into contact JSitS I so ZlTZLZZl 
sa.d base material, thereby to form a film composed of the molecules- and 
the removing step of removing the molecules which are not bonded onto said h aco 

ethylene glycol monoethy. ether acetate, polyethylene glycol monomethyl ether, po Wene glylTmonome 
thyl ether acetate and polyethylene glycol mono-n-butyl ether. yemyiene glycol monome- 

l I 
-AX , -AX2 and -AX3 ■ • • <1> 



27. An organic thin film manufacturing method, characterized by comprising: 

the film forming step of bringing molecules having one functional group selected from the functional orouos 
represented by the following general formulas (1) into contact with a base materia so as to bTZlJ T 
said base material, thereby to form a film composed of the molecules and 

the removmg step of removing the molecules which are not bonded onto said base material usino a cleaning 
age^contammg at least one k ind of a, k oxy alcoho, selected from a group of iSZ* 



"AX , -AX2 and -AX3 - • * (l) 

I 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

28. An organic thin film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having a functional group showing reactivity to a functional group 
having active hydrogen into contact with a base material so as to be bonded onto a surface of said base 
material and forming a film composed of the molecules; and 

removing means for removing the molecules which are not bonded onto said base material using a cleaning 
agent containing at least one selected from a group of ketone, alkylene glycol and alkoxy alcohol. 

29. The organic thin film manufacturing apparatus according to claim 28, characterized in that the molecules have one 
functional group selected from the functional groups represented by the following general formulas (1 ). 



-AX , -AX2 and - • ■ (1) 

1 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

30. The organic thin film manufacturing apparatus according to claim 28, characterized in that said organic thin film 
manufacturing apparatus is constituted so that said film forming means and said removing means are included in 
one closed system. 

31. The organic thin film manufacturing apparatus according to claim 30, characterized by comprising air shielding 
means in which said film forming means and said removing means are installed so as to be capable of forming 
one closed system, said air shielding means controlling inner humidity so as to keep dry atmosphere. 

32. The organic thin film manufacturing apparatus according to claim 28, characterized in that said film forming means 
and said removing means are provided separately and independently. 

33. The organic thin film manufacturing apparatus according to claim 28, characterized in that the cleaning agent does 
not include a chlorine-based solvent. 

34. The organic thin film manufacturing apparatus according to claim 28, characterized in that a moisture content of 
the cleaning agent is less than 1%. 

35. The organic thin film manufacturing apparatus according to claim 28 : characterized by comprising cleaning agent 
removing means for removing the cleaning agent adhering to said base material. 

36. The organic thin film manufacturing apparatus according to claim 35, characterized in that said cleaning agent 
removing means is composed of rinse means of rinsing off the cleaning agent adhering to said base material with 
water, and drying means for drying and removing the water adhering to said base material. 

37. An organic thin film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having one functional group selected from the functional groups 
represented by the following general formulas (1) into contact with a base material so as to be bonded to a 
surface of said base material and forming a film composed of the molecules; and 

removing means for removing the molecules which are not bonded to said base material using a cleaning 
agent containing at least one kind of ketone selected from a group of acetone, methyl ethyl ketone, diethyl 
ketone, methyl isobutyl ketone and acetylacetone. 
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38. An organic thin film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having one functional group selected from the functional around 
represented by the following general formulas (1) into contact with a base materia so « to hThonln ^ 
said base material and forming a film composed of the molecules and b ° nded ° n, ° 

removing means for removing the molecules which are not bonded onto said base material usinaa cleanino 
agen contatnmg at least one kind of alky.ene glycol selected from a group of ethy.en ^^££3 
butylene glycol, ethylene glycol monoethy. ether, die.hylene glycol monoethyl ether, ethylene g SSh i 

mono n C6 h , i T^, **** ^ ^ C °' a^^SS 

mono-n-butyl ether polyethylene glycol, polypropylene glycol, pofybutylene glycol, polyethylene ZJZ 
noethyl ether, polyethylene glycol monoethyl ether, polyethylene glycol monoethy etZTZZ ZZZ 

^b e u,yretheT n0me,hy, ^ *"* ^ ^ ^ U^T^Tl 

(In the equation, A shows one kind of atom selected from a group 



-AX , -AX2 and -AX3 -••<]> 

I 

ZxTg^^o^ 

39. An organic thin film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having one functional arouD seiert^H from th* ■ 
represented by the following genera, formulas (ifinto coJZtSZ^To XZZl7oTo 
sa.d base matenal and forming a film composed of the molecules- and 

removmg means for removing the molecules which are not bonded onto said base material usinq a cleanino 
9 ^ ' eaSt kind ° f a ' k0Xy alCOh °' Se,6Cted ' r0m 3 *»>P of «*°*y ethanoTand meZy 



I I 

-AX , -AX2 gild -AX* --•(!> 
1 

(Inthe equation Ashows one kind of atom selected from a group composed of silicon, germanium tin titanium 
and z,rcon,um. X shows one functional group selected from halogen, alkoxy group and isocyarTate g!oup.) 

40. A liquid crystal alignment film composed of molecules bonded onto a substrate, liquid crystal molecules beino 
J f; 3 SP H eC, ": h d dlr f ion - said «y«al alignment film, characterized in Jsaid l7qu,d c™ L, aHgnmTm 
film ,s obtamed so that after mo.ecu.es having a functional group showing reactivity to a function* gr up havfng 
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active hydrogen are brought into contact with a surface of said substrate to be bonded thereto, the molecules 
which are not bonded to said substrate are removed by a cleaning agent containing at least one selected from a 
group of ketone, alkylene glycol and alkoxy alcohol. 

41 . The liquid crystal alignment film according to claim 40, characterized in that the functional group showing reactivity 
functional group having active hydrogen is one functional group selected from the functional groups represented 
by the following general formulas (1 ). 



-AX x -AX2 and ~AX3 - — <1) 
! 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

42. The liquid crystal alignment film according to claim 40, characterized in that the cleaning agent does not include 
a chlorine-based solvent. 

43. The liquid crystal alignment film according to claim 40, characterized in that a moisture content of the cleaning 
agent is less than 1%. 

44. The liquid crystal alignment film according to claim 41 , characterized in that a functional group having active hy- 
drogen exists on the surface of said substrate. 

45. The liquid crystal alignment film according to claim 40, characterized in that said liquid crystal alignment film is a 
monomolecular film which is obtained so that after the molecules are brought into contact with the surface of said 
substrate to be bonded thereto in dry atmosphere, the molecules are removed by the cleaning agent in dry atmos- 
phere. 

46. A liquid crystal alignment film composed of molecules bonded onto a substrate, liquid crystal molecules being 
aligned in a specified direction, said liquid crystal alignment film, characterized in that said liquid crystal alignment 
film is obtained so that after molecules having one functional group selectedfrom the functional groups represented 
by the following general formulas (1 ) are brought into contact with a surface of said substrate to be bonded thereto, 
the molecules which are not bonded to said substrate are removed by a cleaning agent containing at least one 
kind of ketone selected from a group of acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl ketone and 
acetylacetone. 



i i 

-AX , -AX2 and -AX* - • • (1) 
I 

(In the equation. A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

47. A liquid crystal alignment film composed of molecules bonded onto a substrate, liquid crystal molecules being 
aligned in a specified direction, said liquid crystal alignment film, characterized in that said liquid crystal alignment 
film is obtained so that after molecules having one functional group selected from the functional groups represented 
by the following general formulas (1 ) are brought into contact with a surface of said substrate to be bonded thereto, 
the molecules which are not bonded to said substrate are removed by a cleaning agent containing at least one 
kind of alkylene glycol selectedfrom a group of ethylene glycol, propylene glycol, butylene glycol, ethylene glycol 
monoethyl ether, diethylene glycol monoethyl ether, ethylene glycol monoethyl ether acetate, ethylene glycol mon- 
omethyl ether, ethylene glycol monomethyl ether acetate and ethylene glycol mono-n-butyl ether. 
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48. A liquid crystal alignment film composed of molecules bonded onto a substrate liouid rrv Cta i ™. . , 



-AX , -AX2 and - AXl - • • (l) 

I 

50. A liquid crystal alignment film composed of molecules bonded onto a substrate liauid rrv Cfa i m„i- , u 

5, ~« 



method characten^ed by comprising ' m °' eCU,eS bein9 a ' i9ned in a s P eci,ied 

removing step of removing the molecules which are not bonded to said sub^trat^ .,cin« « ^ 

containing at leas, one selected from a group of ketone. -^ ^XS ' a9en ' 

52. The liquid crystal alignment film manufacturing method according to claim 51 characterized in that ih» moi~, , 
have one functional group selected from the functiona, groups presented by theTotlg lormu.ls " 
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(In the equation, A shows one kind ot atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

w 

53. The liquid crystal alignment film manufacturing method according to claim 51, characterized in that the cleaning 
agent does not include a chlorine-based solvent. 

54. The liquid crystal alignment film manufacturing method according to claim 51 , characterized in that a moisture 
is content of the cleaning agent is less than 1%. 

55. The liquid crystal alignment film manufacturing method according to claim 51 , characterized by further comprising 
cleaning agent removing step of removing the cleaning agent adhering to said substrate after the removing step. 

20 56. The liquid crystal alignment film manufacturing method according to claim 55, characterized in that the cleaning 
agent removing step includes rinse step of rinsing off the cleaning agent adhering to said substrate with water, 
and drying step of drying the water adhering to said substrate. 

57. The liquid crystal alignment film manufacturing method according to claim 52, characterized in that a functional 
25 group having active hydrogen exists on the surface of said substrate. 

58. The liquid crystal alignment film manufacturing method according to claim 52, characterized in that the film forming 
step and removing step are carried out in dry atmosphere. 

30 59. The liquid crystal alignment film manufacturing method according to claim 58, characterized in that a liquid crystal 
alignment film is formed so that the molecules having one functional group selected from the functional groups 
represented by the above general formulas (1 ) are bonded onto said substrate into a monomolecular film shape. 

60. A liquid crystal alignment film manufacturing method, said liquid crystal alignment film being composed of mole- 
35 cules bonded onto a surface of a substrate, liquid crystal molecules being aligned in a specified direction, said 

method characterized by comprising: 



film forming step of bringing molecules having one functional group selected from the functional groups rep- 
resented by the following general formulas (1 ) into contact with said substrate to be bonded onto said substrate 
40 and forming a film composed of the molecules; and 

removing step of removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one kind of ketone selected from a group of acetone, methyl ethyl ketone, diethyl ketone, 
methyl isobutyl ketone and acetylacetone. 



-AX , -AX2 and -AX3 - - (1) 
! 

50 

(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

55 61. A liquid crystal alignment film manufacturing method, said liquid crystal alignment film being composed of mole- 
cules bonded onto a surface of a substrate, liquid crystal molecules being aligned in a specified direction, said 
method characterized by comprising: 
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film formmg step of bnngmg molecules group having one functional group selected from the functional oroun, 
represented by the following general formulas (1) into contact with said substrate tobe ToZed ol Z 
substrate and forming a film composed of the molecules: and ° S3 ' d 

removing step of removing the molecules which are not bonded to said substrate u^inr, a 

bXr Q 9 ,i; ea m t r °: aikyiene ^ m ,rom * ^cr^s P cr e vs 

SS^; 6 ? ■ 9 T m ° n0e,hyl e,her ' die,hy ' ene 9lyC01 monoeth V ^her, ethylene glycol monoeth i 
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I and 

(In the equation, A shows one kind of atom selected from a group composed of silicon germanium tin titanium 
and zirconium. X shows one functional group selected from halogen'aikoxy group Z J~ate glSup ) 

film forming stop of bringing molecules having one functional group selected from the functional Q r 0 „n, ™ 
resen,e dby the^ 

and forming a film composed of the molecules; and suostrate 
removing step of removing the molecules which are not bonded to said suhctr^ „ein« . , 
containing a, .east one kind of aikylene giyco. selected from a group ^ S ^ZTl 
g ycol, pofybutylene gl ycol. po,ye,hy.ene glyco, monoethy, ether, polygene M^SS^ 
ethylene glycol monoethyl ether acetate, polyethylene glycol monomethyl ether, ^yetoyZe ZZonoZ' 
thyi ether acetate and polyethylene glycol mono-n-butyl ether. yemyiene glycol monome- 



-AX , -AX2 and -AX? - • • (1) 
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(In the equation, A shows one kind of atom selected from a group composed of silicon germanium tin titani„ m 
and zircomum. X shows one functional group selected from hlgen'a.koxy groZ^^^ZT 

63. The liquid crystal alignment film manufacturing method according to claim 62 characterized in that » m ^,^ 
weight of the a.kylene g.ycol is within a range of not less than 100 to not morethan 300 

M ' cU q s U b?nr d a o a nL 9, r en ; ,i,m TT Urin9 mSth ° d ' Said " qUid C ^ S,al a,i 9 nment «<™ b** composed of mole- 

^":^^z:^T' ale - ,iquid c " slal molecu,es bein9 a,i9ned in a "~~-«. £ 

r« e nSt S h e f u brin9in9 m ° , , e < CUleS haVin9 ° ne ' UnC,i0nal 9rOU P selected f ™ <he Actional groups rep- 
resen t edbytheollow,nggeneralfonT,ulas(1)intocontact with said substrate to be bonded onto safdsubst ate 
and forming a film composed of the molecules; and omosaiosuDstrate 

removing step of removing the molecules which are not bonded to said substrate using a cleaning aaent 
containing a, ,eas, one kind of a.koxy alcoho, selected from a group of ethoxy ethano, and' metxyloho" 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

65. A liquid crystal alignment film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having a functional group showing reactivity to a functional group 
having active hydrogen into contact with a substrate to be bonded to a surface of said substrate and forming 
a film composed of the molecules; and 

removing means for removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one selected from a group of ketone, alkylene glycol and atkoxy alcohol. 

66. The liquid crystal alignment film manufacturing apparatus according to claim 65, characterized in that the molecules 
have one functional group selected from the functional groups represented by the following general formulas (1). 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

67. The liquid crystal alignment film manufacturing apparatus according to claim 65, characterized in that said liquid 
crystal alignment film manufacturing apparatus is constituted so that said film forming means and said removing 
means are included in one closed system. 

68. The liquid crystal alignment film manufacturing apparatus according to claim 67, characterized by comprising air 
shielding means in which said film forming means and said removing means are installed so as to be capable of 
forming one closed system, said air shielding means controlling inner humidity so as to keep dry atmosphere. 

69. The liquid crystal alignment film manufacturing apparatus according to claim 65, characterized in that said film 
forming means and said removing means are provided separately and independently. 

70. The liquid crystal alignment film manufacturing apparatus according to claim 65, characterized in that the cleaning 
agent does not include a chlorine-based solvent. 

71. The liquid crystal alignment film manufacturing apparatus according to claim 65, characterized in that a moisture 
content of the cleaning agent is less than 1%. 

72. The liquid crystal alignment film manufacturing apparatus according to claim 65, characterized by comprising clean- 
ing agent removing means for removing the cleaning agent adhering to said substrate. 

73. The liquid crystal alignment film manufacturing apparatus according to claim 72, characterized in that said cleaning 
agent removing means is composed of rinse means for rinsing off the cleaning agent adhering to said substrate 
with water, and drying means for drying and removing the water adhering to said substrate. 

74. A liquid crystal alignment film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having a functional group having one functional group selected 
from the functional groups represented by the following general formulas (1) into contact with a substrate to 
be bonded to a surface of said substrate and forming a film composed of the molecules; and 
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removing means for removing the molecules which are not bonded to said substrate using a cleanino aaent 
containing at least one kind of ketone selected from a group of acetone, methyl ethyl ketone diethyl ketone 
methyl isobutyl ketone and acetylacetone. ' 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin titanium 
and 2,rcon.um. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

'5 75. A liquid crystal alignment film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having a functional group having one functional group selected 
from the functional groups represented by the following general formulas (1) into contact with a substrate to 
be bonded to a surface of said substrate and forming a film composed of the molecules- and 
removing means for removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one kind of alkylene glycol selected from a group of ethylene glycol, propylene glycol 
butylene glycol, ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, ethylene glycol monoethyi 
ether acetate, ethylene glycol monomethyl ether, ethylene glycol monomethyl ether acetate, ethylene glycol 
mono-n-butyl ether, polyethylene glycol, polypropylene glycol, polybutylene glycol, polyethylene glycol mo- 
noethyl ether, polydiethylene glycol monoethyl ether, polyethylene glycol monoethyl ether acetate polyethyl- 
ene glycol monomethyl ether, polyethylene glycol monomethyl ether acetate and polyethylene glycol mono- 
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(In the equation A shows one kind of atom selected from a group composed of silicon, germanium, tin. titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

76. A liquid crystal alignment film manufacturing apparatus, characterized by comprising: 

film forming means for bringing molecules having a functional group having one functional group selected 
from the functional groups represented by the following general formulas (1 ) into contact with a substrate to 
be bonded to a surface of said substrate and forming a film composed of the molecules- and 
removing means for removing the molecules which are not bonded to said substrate using a cleaning aqent 
contammg at least one kind of alkoxy alcohol selected from a group of ethoxy ethanol and methoxy alcohol 



so 



55 



-AX , -AX2 and ~AX3 - • • <1) 
I 

(In the equation A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

77. A liquid crystal display device having a liquid crystal alignment film on a substrate, said liquid crystal alignment 
film being constituted so that liquid crystal molecules are aligned in a predetermined direction, said display device 
characterized in that: ' 
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said liquid crystal alignment film is a thin film which is constituted so that molecules having a functional group 
showing reactivity to a functional group having active hydrogen is bonded onto said substrate, and 
after a group of the molecules are brought into contact with to be bonded to said substrate, the molecules 
which are not bonded to said substrate are removed by a cleaning agent containing at least one selected from 
a group of ketone, alkylene glycol and alkoxy alcohol. 

78. The liquid crystal display device according to claim 77, characterized in that the a functional group showing reac- 
tivity to a functional group having active hydrogen is one functional group selected from the functional groups 
represented by the following general formulas (1). 



-AX , and -AX3 • • • <1> 

J 

(In the equation : A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

79. The liquid crystal display device according to claim 77, characterized in that the cleaning agent does not include 
a chlorine-based solvent. 

80. The liquid crystal display device according to claim 77, characterized in that a moisture content of the cleaning 
agent is less than 1%. 

81. The liquid crystal display device according to claim 78, characterized in that a functional group having active hy- 
drogen exists on the surface of said substrate. 

82. The liquid crystal display device according to claim 77, characterized in that said liquid crystal alignment film is a 
monomolecular film which is obtained so that the molecules are brought into contact with said substrate to be 
bonded thereto in dry atmosphere, and are removed by the cleaning agent in dry atmosphere. 

83. A liquid crystal display device having a liquid crystal alignment film on a substrate, said liquid crystal alignment 
film being constituted so that liquid crystal molecules are aligned in a predetermined direction, said display device, 
characterized in that said liquid crystal alignment film is obtained so that after molecules having one functional 
group selected from the functional groups represented by the following general formulas (1 ) are brought into contact 
with a surface of said substrate to be bonded thereto, the molecules which are not bonded to said substrate are 
removed by a cleaning agent containing at least one kind of ketone selected from a group of acetone, methyl ethyl 
ketone, diethyl ketone, methyl isobutyl ketone and acetylacetone. 
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(In the equation. A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

84. A liquid crystal display device having a liquid crystal alignment film on a substrate, said liquid crystal alignment 
film being constituted so that liquid crystal molecules are aligned in a predetermined direction, said display device, 
characterized in that said liquid crystal alignment film is obtained so that after molecules having one functional 
group selected from the functional groups represented by the following general formulas ( 1 ) are brought into contact 
with a surface of said substrate to be bonded thereto, the molecules which are not bonded to said substrate are 
removed by a cleaning agent containing at least one kind of alkylene glycol selected from a group of ethylene 
glycol, propylene glycol, butylene glycol, ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, eth- 
ylene glycol monoethyl ether acetate, ethylene glycol monomethyl ether, ethylene glycol monomethyl ether acetate 
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and ethylene glycol mono-n-butyl ether. 
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(In the equation A shows one kind of atom selected from a group composed of silicon, germanium tin titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group J 

85: A liquid crystal display device having a liquid cystal alignment film, said liquid crystal alignment film being consti- 
tuted so that l,qu,d crystal molecules are aligned in a predetermined direction, said dispL dev ■iTchaSS 
in that said hqu.d crystal alignment film is obtained so that after molecules having one ZcZ^oZt^l 
from the functional groups represented by the following general formulas (1) is brought into contact wit S Surface 
o said substrate to be bonded thereto, the molecules which are not bonded to said substrate are removed by a 
cleaning agent containing at least one kind of aikylene glycol selected from a group of potylZe TcofoL 
EST 9 y °, ' P ,° lybUty,ene P^One glycol monoethyl ether, polydiethylene CS ether 
pel e ylene glycol monoethyl ether acetate, polye.hy.ene glycol monomethyl ether, polyethylene glycol monome 
thyl ether acetate and polyethylene glycol mono-n-butyl ether. monome 



-AX , -AX2 and ~AXl - - * (l> 
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(In the equation A shows one kind of atom selected from a group composed of silicon, germanium tin titanium 
and zircomum. X shows one functional group selected from ha.ogen, alkoxy group and isocyanate group ) 

86. The liquid crystal display device according to claim 85, characterized in that a molecular weight of the aikylene 
glycol is within a range of not less than 1 00 to not more than 300. amyiene 

35 87 ' t 'T d 0,75,81 diSP ' ay d6ViCe h3Ving 8 Hquid Cf y stal ali °n™nt f«m on a substrate, said liquid cvstal alianment 
film being confuted so that Hquid crysta. molecules are a.igned in a predetermined direction a7d lp aXce 
characterized in that said liquid crystal a.ignment film is obtained so that after molecules naSng one SiTai 
goupselectedfromthefunctionalgroupsrepresentedbythefonowing 

with a surface of said substrate to be bonded thereto, the molecules which are not bonded to sak subS Tare 
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(In the equation A shows one kind of atom selected from a group composed of silicon, germanium tin titanium 
and z,rcon,um. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

88. A liquid crystal display device with liquid crystal alignment film manufacturing method, said liquid cystal alianment 
film being constituted so as to include molecules bonded onto a surface of a substrate and so that I'd cTsta 
molecules be.ng ahgned in a specified direction, said method characterized by comprising: 

aSvrj^nf " T^T 9 m0l t CU,eS haVi " 9 9 ,UnC,iona, 9 rou P snowin 3^^ivity,oafunctionalgrou P having 
act,ve hydrogen into contact with said substrate to be bonded onto a surface of said substrate and forming a 
film composed of the molecules; and lorming a 
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removing step of removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one selected from a group of ketone, alkylene glycol and alkoxy alcohol. 

89. The liquid crystal display device manufacturing method according to claim 88 ; characterized in that the molecules 
have one functional group selected from the functional groups represented by the following formulas (1). 
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(In the equation. A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
15 and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

90. The liquid crystal display device manufacturing method according to claim 88, characterized in that the cleaning 
agent does not include a chlorine-based solvent. 

20 91. The liquid crystal display device manufacturing method according to claim 88, characterized in that a moisture 
content of the cleaning agent is less than t%. 

92. The liquid crystal display device manufacturing method according to claim 88, characterized by further comprising 
cleaning agent removing step of removing the cleaning agent adhering to said substrate after the removing step. 

25 

93. The liquid crystal display device manufacturing method according to claim 92, characterized in that the cleaning 
agent removing step includes rinse step of rinsing off the cleaning agent adhering to said substrate with water, 
and drying step of drying the water adhering to said substrate. 

30 94. The liquid crystal display device manufacturing method according to claim 89, characterized in that a functional 
group having active hydrogen exists on the surface of said substrate. 

95. The liquid crystal display device manufacturing method according to claim 89, characterized in that the film forming 
step and removing step are carried out in dry atmosphere. 

35 

96. The liquid crystal display device manufacturing method according to claim 95, characterized in that a liquid crystal 
alignment film is formed so that the molecules having one functional group selected from the functional groups 
represented by the above general formulas (1 ) are bonded onto said substrate into a monomolecular film shape. 

40 97. A liquid crystal display device with liquid crystal alignment film manufacturing method, said liquid crystal alignment 
film being constituted so as to include molecules bonded onto a surface of a substrate and so that liquid crystal 
molecules being aligned in a specified direction, said method characterized by comprising: 

film forming step of bringing molecules having one functional group selected from the functional groups rep- 
45 resented by the following general formulas (1 ) into contact with said substrate to be bonded onto said substrate 

and forming a film composed of the molecules; and 

removing step of removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one kind of ketone selected from a group of acetone, methyl ethyl ketone, diethyl ketone, 
methyl isobutyl ketone and acetylacetone. 

50 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
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and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

98. A liquid crystal display device with liquid crystal alignment film manufacturing method, said liquid crystal alignment 
him bang constituted so as to include molecules bonded onto a surface of a substrate and so that liquid crystal 
molecules be.ng aligned in a specified direction, said method characterized by comprising: 

film forming step of bringing molecules having one functional group selected from the functional groups rep- 
resented by the following general formulas (1 ) into contact with said substrate to be bonded onto said substrate 
and forming a film composed of the molecules; and 

removing step of removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one kind of alkylene glycol selected from a group of ethylene glycol, propylene glycol 
butylene glycol, ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, ethylene glycol monoethyl 

etheracetate.ethyleneglycolmonomethylether.ethyleneglycolmonomethyletheracetateandethyleneglycol 
mono-n-butyl ether. 37 
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(In the equation, A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

99. A liquid crystal display device with liquid crystal alignment film manufacturing method, said liquid crystal alignment 
film being constituted so as to include molecules bonded onto a surface of a substrate and so that liquid crystal 
molecules be.ng aligned in a specified direction, said method characterized by comprising: 

film forming step of bringing molecules having one functional group selected from the functional groups rep- 
resented by the following general formulas (1 ) into contact with said substrate to be bonded onto said substrate 
and forming a film composed of the molecules; and 

removing step of removing the molecules which are not bonded to said substrate using a cleaning agent 
containing at least one kind of alkylene glycol selected from a group of polyethylene glycol, polypropylene 
glycol, polybutylene glycol, polyethylene glycol monoethyl ether, polydiethylene glycol monoethyl ether poly- 
ethylene glycol monoethyl ether acetate, polyethylene glycol monomethyl ether, polyethylene glycol monome- 
thyl ether acetate and polyethylene glycol mono-n-butyl ether. 
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(in the equation A shows one kind of atom selected from a group composed of silicon, germanium, tin, titanium 
and z.rconlum. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 

lOO.The |i^id crystal display device manufacturing method according to claim 99, characterized in that a molecular 
weight of the alkylene glycol is within a range of not less than 1 00 to not more than 300. 

1 01 A liquid crystal display device with liquid crystal alignment film manufacturing method, said liquid crystal alignment 
film being constituted so as to include molecules bonded onto a surface of a substrate and so that liquid crystal 
molecules being aligned in a specified direction, said method characterized by comprising: 

film forming step of bringing molecules having one functional group selected from the functional groups rep- 
resented by the following general formulas (1 ) into contact with said substrate to be bonded onto said substrate 
and forming a film composed of the molecules; and 

removing step of removing the molecules which are not bonded to said substrate using a cleaning agent 
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containing at least one kind of alkoxy alcohol selected from a group of ethoxy ethanol and methoxy alcohol. 
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and 
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(1) 



(In the equation, A shows one kind of atom selected from a group composed of silicon ; germanium, tin, titanium 
and zirconium. X shows one functional group selected from halogen, alkoxy group and isocyanate group.) 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG.. 11 
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FIG. 14 
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FIG. 15 
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FIG. 16 
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FIG. 19 
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FIG. 21 
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FIG. 22 
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FIG. 23 
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FIG. 24 
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FIG. 25 
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